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THE imUNOLOGICAL SKIN TESTS IN LEPEOSY 

Part I 

THE ISOLATION OF A PROTEIN ANTIGEN OF MYCOBACTEBWM 

LEPRM 


BT 

DHARMENDRA, mb, b s , d b 

{From the Leprosy Inquiry, Indian Research Fund Association, School 
of Tropical Medicine, Calcutta ) 

[Received for pubLoation, September 26, 1941 ] 


Introduction 

The lepromin test — ^Mitsada reported m 1916 that intracutaneous injections 
of an emulsion of boded leprous tissue rich in baciUi usually produced no reaction 
in ‘ nodular ’* leprosy but a marked local reaction m ‘ neuro-macidar ’* leprosy 
The local reaction took the form of a nodide in the skin and usually appeared in the 
second or third iveek At the International Leprosy Conference, Strasbourg, 
Mitsuda (1924) reported positiye results m ‘ neuro-macular ’ cases, m healthy 
contacts and m non-contacts, and negatiye results in ‘ nodular ’ cases Many 
workers have smce confirmed Mitsuda’s findings The test has been known as 
lepromin test, or the Mitsuda reaction after the originator 

The nature of the reaction — The test has been investigated widely and during 
recent years the bterature on the subject has become very extensive The 
mechamsm of the reaction hoi\ ever, is not clear Mitsuda interpreted a positive 
reaction as indicating the resistance of the tissues (in healthy individuals and 
‘ neural ’ cases of leprosy) to the injected baciUi, and a negative reaction as 
showing lack of resistance of the tissues (in ‘ lepromatous ’ cases of leprosy) 
He did not consider a positive reaction as having been caused by exposure to 
infection Most workers have adopted the mam position of SLtsuda regarding 
the non-specific nature of the reaction Some workers, however, maintain that 
a positive reaction is one of specific allergy caused by exposure to infection 


J MR 


* The types are now called ‘ lepromatona ’ and ‘ neural respectively 
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It i<? difficult to reconcile this view with the fact that positive results have been 
reported m people who have never been exposed to leprous infection In view of 
this fact and of the fact that a positive test is otheruose strongly suggestive of 
an allergic phenomenon, a few workers have considered a positive test as 
allergic but not necessarily specific 

Another anomalous feature of the test is that people sufiering from the 
more serious type of leprosy (the ‘ lepromatous type) usually give negative 
results 

The lateness of the reaction — In addition to the lack of specificity, the lateness 
of the reaction is another feature which distmguishes it from the allergic shin 
reactions, the classical Mitsuda reaction begmmng not earlier than the end of the 
first week, and not reachmg its maMmum before the third or fourth week Earh 
reactions of ‘ tubercuhn ’ type (24 to 48 hours) are hou ever, sometimes seen The 
early reaction is discussed later 

The cause of the delayed reaction — The extraoidinary delay in the leaction 
has aroused surprisingly little comment and few workers have attempted any 
explanation It appeared to the author that the delay m reaction to lepromm is 
caused by the nature of the material injected to elicit the reaction Whereas 
in the other allergic skin tests a soluble antigen, which is free to act at once is 
injected, in the lepromin test whole baciUi (together with the nodular tissue) 
are mjected, the antigen being hberated slowly in minute amounts over a 
prolonged period 

The need for a soluble antigen — A soluble and refined antigen, if available, 
could therefore be expected to throw much light on the mechamsm of the test 
The extreme crudeness of the antigen may also perhaps be responsible for the 
production of positive results in the individuals not exposed to infection If so 
with a refined antigen, the test may possibly be made specific 

Previous attempts to obtain a soluble antigen — Some workers have prepared 
antigenic fractions of the leprous nodule, not of the baedh themselves Their work 
has provided no new information about the mechamsm of the test This work is 
discussed later 

The present attempts — ^It was considered that attempts should he made to get 
an antigenic fraction from the baciUi themselves, and not from the leprous 
nodule The work reported in this pubhcation w^as undertaken with a view to 
obtaining a soluble antigen of Mycobacterium lejnoi sumlai to the T P T 
(tubeicuhn-protem trichloracetic acid precipitated) of Mycobacterium tuberculosis 
although m the absence of a culture of Mi/co lejna' the methods employed 
would naturally differ 

The results reported herem would show that the attempt has succeeded A 
soluble antigen, protein m nature, has been isolated and the results of the tests 
performed with the antigen throw much light on the mechamsm of the reaction 
The isolated antigen, it is beheved, will greatly facilitate immunological studies in 
leprosy 
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Pre'^ent tvork 

The scpuralion of the hucilU — In the absence of a culture of Myco leprae the 
source of such an antigen lias naturally to be the lepromatous tissue The first 
step was, therefore, to obtain leprosy bacilli free from tissue If this could be done, 
the active principle could then be separated from the bacilh Attempts to separate 
the baciUi from the tissue by digestion of the leprosy nodules with papain and by 
fractional centntugalization of suspensions of the nodules m saline did not succeed 
Centnfugahzation succeeded up to a point, a suspension consistmg of smgle baedh 
and only traces of very fine tissue bemg obtained The baciUi from this suspension 
could not, howeyer, be thrown down eyen by prolonged centnfugahzation at 
6 000 r p m (the highest speed a\ailable), smee eyen at that speed most of the 
single baedh remam m suspension The addition of vanous chemical substances 
to lower the surface tension of the fluid preyious to centnfugahzation also faded 
to produce the desired result It was, howeier, noted that when the lepromin 
(in sahne) was shaken with chloroform and the two flmds aUowed to separate on 
standing, almost all the bacilli were found in the chloroform layer Ether and 
carbon tetrachlonde used s imil arly n ere not so satisfactory This special afifimty 
of chloroform for the baedh has been utdized to obtam baedh from the lepromatous 
tissue 

The pieces of lepromatous matenal, usually nodules out from ears, are autoclaved and are ground 
up Tvith chloroform m a glass pestle and mortar The chloroform is pipetted off The grinding m 
chloroform is repeated till a smear from the remaining tissue is almost fr^ from baedh. (About 60 o c 
of chloroform are necessary to extract almost all the bacilh from 2 g of lepromatous tissue ) All the 
lots of chloroform used m grmdmg are pooled, and the remaming tissue is discarded. A smear from the 
pooled lot of chloroform shows bacilh m i ery large numbers and the absence of any tissue 

The chloroform is then completely evaporated over a water bath , the residual substance consists 
of hpoids and bacilh The residue is then suspended m ether and the ethereal suspension is centn 
fngalired at a low temperature at 3,000 r p m (In this hot climate this is done m a refrigerator ) The 
hpoids remam m the supernatant ether and the bacilh are deposited at the bottom To remove the 
hpoids more completely the bacillaiy deposit is agam suspended m ether, the suspension centnfugahzed 
and the deposited bacilh separated and dried Smears made from the dried powder show only 
bacilh and no tissue (The bacilh constitute about 0 4 per cent of the weight of the nodules ) The 
supernatant ether on evaporation leaves a deposit of the hpoids 

Antigenic activity of the three constituents of the nodule — Tbe antigenic 
activity of tbe three difierent constituents of tbe leprous nodule (tbe bacdli, tbe 
tissue bpoids and tbe residual tissue after chloroform treatment) was then tested 
in “Cases of leprosy of tbe ‘ neural ’ type for it is m this type of tbe disease that 
lepromin gives positive results Suspensions m carbol-sabne were prepared from 
all tbe three constituents, the strength of all tbe suspensions being 1 mg of the 
substance to 1 c c of sahne Equal amounts of these three suspensions were 
injected into the skm of the patients and readings of the results were made at 
24 hours 48 hours and 1 week and thereafter weekly for several weeks 

From the results obtamed it was concluded that the bacilh uere the onh 
defimtely antigenic constituent of the leprous nodule produemg both the earl} 
(tuberculin type) and the late (nodular) reactions In higlily reactiv e cases the 
hpoids, and to a much less extent the tissues, gai e rise to a slight reaction most 
probabl) caused by the traces of the bacillan antigen remaimng in the other two 
constituents of the nodule 
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The isohUon of the different chemical fractions of the baciUus — The bacilh 
having thus been obtained free from tissue and been found to be the only 
definitely antigenic constituent of the leprous nodule, the next step was to 
isolate the different chemical fractions of the bacillus itself in order to find out 
which of these were antigemc 

As a prelimmary to isolating the diflereut fractions, the bacilh were thoroughly broken doivn by 
mechanical means (gnndmg) The grinding was done m an agate mortar with the addition of very 
small amounts of saline from tune to tune This is a very long and laborious process It takes several 
hours to destroy the bacillary form and amd fastness of even mmute amounts of the matenal lie 
gnndmg has been done inside a glass-covered box to avoid contammation It has been found that the 
addition of a few spots of chloroform from tune to time aids gnndmg and may help in maintaining 
sterility (The chloroform quickly evaporates ) 

The ground bacilli were then extracted with 0 5 per cent oarbol sahne, the ground up mntenal 
being shaken up with the sahne and the suspension allowed to stand overnight The supernatant 
fluid was pipetted off and constituted the saline soluble portion of the bacilh, the bulk of the residue 
being the sahne insoluble portion 

The sahne extract was centnfugahzed to throw down any suspended matter The supernatant 
fluid gave positive Biuret and Mohshoh’a reactions It was, therefore, concluded that the extract 
contained protem, and polj^cohandes either free or Imked to protem 

The protem was precipitated from the extract by precipitation with trichloracetic acid An 
equal volume of 20 per cent tnohloracetio acid was added to the salme extract, and the mixture allowed 
to stand overmght The next mommg the precipitated protem was separated from the supernatenl 
flmd The precipitate was then washed m ether to remove traces of the tnchloracetic acid 

Polysaccharide was isolated from the supernatant flmd remammg after protem precipitation 
Nme volumes of 96 per cent alcohol and a few c^tals of sodium acetate were added to this fluid and 
the mixture allowed to stand overmght m the refrigerator The precipitate of the polysacchande was 
separated by removmg most of the flmd by decantation and then by centnfugalizing the bottom 
portion of the fluid 

The residue left after sahne extraction was washed several times with sahne to remo\e as much as 
possible of the soluble portion retained m it The different hpoid fractions were then extracted from 
the residue by methods similar to those used by Anderson (1927) for the separation of lipoid fractions 
from tubercle bacilli The methods consist essentially m extraotmg the matenal mth ether, treating 
the ethereal extract with acetone, and extracting the ether insoluble portion with chloroform By 
such methods three hpoid fractions were isolated ether and acetone soluble (glycendes), other soluble 
but acetone insoluble (phosphatides), and ether msoluble, chloroform soluble (waxes) Some residue 
was left after the chloroform extraction , the chemical nature of this residue is so far not known 

The following fractions were thus isolated frora the leprosy bacillus — 

(a) Protein, (b) polysaccharide, (c) glycerides, (d) phosphatides, (e) waxes 
and (f) final residue 

These fractions were tested woth the results described later 


The antiqenic activity of the bacilli and their different fractions 

(a) Test's mth ground and unground bacilli — The results of comparative tests 
done on patients of the ‘ neural ’ type of leprosy wth ordinary lepromin, whole 
bacilli and ground bacilh showed that — 

(t) Ground bacilli gave marked early and little late reactions 
(ii) Unground bacilh gave fairly-marked early and late reactions 
(ill) Ordinary lepromin gave less-marked earlv reactions and w ell-marked 
late reactaons 

Thus, the grinding of the bacilli was found to enhance the early reaction and 
reduce the late leaction It appealed that by the breaking down of the bacilh a 
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portion of antigen is bberated in a soluble form, less of it being available to be 
liberated later 

(b) Tests mill flic saline erlract of ground bacilh and the residue — Comparative 
tests done on patients of leprosy of both tbe types (the ‘ neural ’ and the 
‘ lepromatous ’) with the sahne extract of ground bacilh and the residue gave the 
follovrmg results — 

In the lepromatous cases no reaction, early or late, was produced by either 
of the preparations 

In the neural cases the soluble portion usually produced earlv reactions only, 
ishereas the insoluble portion produced both the early and the late reactions, 
although the late reactions v ere much weaker than those produced by ordinary 
lepromm or by ground bacilh (The results of the tests with the different fractions 
of the bacdlus reported later have shown that the activity of the residue was mostly 
if not entirely, caused by retention of some of the soluble portion m the residue 
The antigemc substance appears to be very firmly bound up with the other 
constituents of the bacterial ceU smee even after prolonged grinding it is 
impossible to extract all the antigemc substance from the msoluble residue ) 

The sahne extract having thus been found defimtely antigemc, some of its 
chemical, physical and biological properties were studied with the following 
results — 

(t) As aheady stated the solution contams protem and, polysaccharides 
(ii) The soluble antigen is thermostable, as the solution is antigemcally 
active after being stenhzed m the autoclave at 120°C for half 
an hour 

{ill) It can pass through a Sietz filter although the degree of the reaction 
mth the filtered material is much reduced 
{iv) The solution gives positive precipitm tests vnth some of the sera from 
cases of the ‘ lepromatous ’ type 
(v) "With keepmg, the sahne extract loses some of its potency 

(c) Tests imth the different bacillary fractions — ^Protem, polysaccharide, the 
different hpoid fractions and the final residue were tested in cases of leprosy of both 
the types (the ‘ neural ’ and the ‘ lepromatous ’) and the following results were 
obtained* — 

In the lepromatous cases no reaction early or late, was produced by any of 
the preparations 

In the neural cases, the protem produced marked earh but no late reactions 
None of the hpoid fractions produced anv significant reaction, earlj or late The 


* The solution of protem and of poivsacchande and the suspensions of the other fractions were 
made of the same strength 0 1 mg of the substance mice of carbol sahne In mafcmg the suspension 
the substance was put m a mortar, a few drops of N'lC XaOH were added, the matenal was ground 
with a pe^, and the required amount of carbol sahne added 0 2 o c of the solution or suspension 
(contamm^ 02 mg of the substance) were used for the test 
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polysaccliande aud the residue left after extraction of the lipoids produced shght 
early reactions in some cases 

Thus, the protein was demonstrated to be antigenic, and possibly the only 
antigemc fraction of the bacillus, producing only an early reaction of the 
‘ tubercuhn ’ type The weak antigemc activity of the polysaccharide fraction is 
most probably caused by traces of the protem in it The weak antigemc activity 
of the final residue can be accounted for in either or both of the following vays 
(i) it may contam traces of the soluble antigen, (?i) it may contam another 
iveak antigen 

(d) Tests mih the different fractions of the bacillary protein — ^By extractmg 
different lots of ground bacdh with weak acid, weak alkah and 80 per cent alcohol, 
three different proteins — acid-soluble protein, nucleo-protein and alcohol-soluble 
protem — ^have been isolated All these protein fractions produce early reactions 
of the ‘ tubercuhn ’ type m the neural cases of leprosy The methods of their 
isolation and the details of their antigemc activity iviU be considered m a future 
pubhcation 


Summary. 

1 The mam features of the lepromin test (the Mitsuda reaction) are outhned 
It IS considered that the delay in the appearance of the classical nodular reaction, 
and possibly the non-specific nature of the reaction may be caused by the nature 
of the matenal injected The need for a refined antigen is stressed 

2 A method for obtaimng from excised nodules, leprosy bacdh free from 
tissue, 18 described Bacdh have been found to be the active constituents of 
lepronun 

3 The bacilli were ground for several hours in an agate mortar and were 
fractionated into a sahne-soluble portion and an insoluble residue From the 
soluble portion, protem and polysaccharide have been obtamed ^ from the insoluble 
residue, various hpoid fractions have been separated 

4 Tests with the different fractions of the bacilli have shown that of all the 
fractions isolated, only the protem is definitely antigemc and that it produces 
only an early reaction 

5 By extractmg the ground bacdh with different solvents, three protem 
fractions — acid-soluble protem, nucleo-protem and alcohol-soluble protein have 
been isolated All the three fractions give nse to early reactions in the neural 
cases of leprosy 
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Three types of reaction 

In the preseut senes of articles and m the hterature of leprosy, mtradennal 
injections of vanous preparations from leprous matenal have been reported as 
causmg three different types of reaction 

(a) The classical Mitsuda reaction — The mam features of the classical Jlitsuda 
reaction have been bnefly outbned in Part I of this senes (Dharmendra, 1942) 
ClmicaRv, it is characterized by the formation of a defimte nodule, sometimes 
accompamed by ulceration at the site of the mtradermal mjection of lepromin 
This reaction is best seen three or four veeks after the mjection 

{b) The early reaction preceding the classical reaction — An early reaction is 
sometimes seen one or tnvo days after the mjection of lepromin and precedmo^ the 
classieal late reaction. ChnicaUy this early reaction is quite different from the 

( 9 ) 
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classical Mitsuda reaction, lor it is of the ‘ tuberculin ’ type and consists of an area 
of erythema accompamed by some mdema and thickening of the skin 

Most workers have ignored these reactions as being of no significance but 
Fernandez (1940) made a special study of the early reaction He found that it 
vas always present in cases gmng a marked late reaction and concluded that 
results of the early reaction are of the same significance as the late reaction The 
findings of Fernandez regarding the significance of the early reaction have been 
confirmed by Lowe and Dharmendra (1941) 

(c) Early reaclim folhived by little or no hie leaction — ^Fernandez {he cit ) 
reported that the injection of a filtrate from lepromin induced an early reaction 
followed by no late reaction This finding of Fernandez has also been confirmed 
by Lowe and Dharmendra (Log eit ), although filtration was found to reduce the 
number and degree of defimte reactions Tfie Jomt Committee on Leprosy Skin 
Tests (1940) reported some early reactions followed by no late reaction to a protein 
isolated from leprous spleen by Henderson (1940) Kitano and Inoue (1941) have 
reported early reactions imaccompamed by any late reactions to filtrate of lepronun 
treated by ultra-siipersomc waves to break the bacilli contained m it Early 
reactions, unaccompamed by any late reaction to a protem isolated from the 
leprosy bacillus, have been reported by one of us (D ) m the precedmg article 
(loc cit ) 

Thus, intradermal ini ections of the preparations derived from human material 
are capable of causing reactions of three different climcal types , the classical 
Mitsuda reaction, the early reaction preceding the classical reaction and the early 
erythematous reaction followed by no late reaction 


The different reaciione aie caused by the same antigen 

In Part I it has been shown (a) that the lepra bacilh are the only antigemc 
element contamed in lepromin and (6) that the protein is the only defimtely 
antigemc fraction of the bacillus As shown later aU the three different types of 
reaction can be explained on the basis of this one antigen It is therefore beheved 
that all the three different types of reaction described are actually produced 
by the bacillary protem 


Is there more than one antigen ^ 

Fernandez (loc cit ) made a comparative study of the early and late reaction 
to lepronun and to filtrate from that preparation He found that the ordmary 
lepromin produced late reactions m all the cases m which it had produced early 
reactions The filtrate, however, usually produced the early reactions only From 
these results Fernandez concluded that ‘ early and late reactions are probably 
brought about by difleient substances oi toxins of the Hansen baciUus 

The reported work in the precedmg article does not confirm the e''jstence of 
the two antigens, one responsible for the early reaction and the other for the late 
This work shovs two tlungs Fustlv, that to explain the early and late reactions 
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it IS not neoessar} to postulate tLe presence of two antigens , secondly, that 
none of the chemical fractions obtained from the leprosy bacillus produces a late 
reaction 

The findings of Fernandez can very well be explamed on the basis of only one 
antigen, the early reaction being caused by the free antigen m the injected material 
and tbe late reaction by the same antigen which is slowly bberaterl from breakmg 
down of the baedh contained in that material This view is suggested by the 
fin ding that the grmding of the baciUi enhances the early and reduces the late 
reaction, the prekmmary breaking down of the baciUi bemg accompamed by the 
hberation of a large amount of the antigen leaving less antigen to be hberated 
later The work on the fractionation of the bacrUus supports this view 

Our first attempts at fractionation of the baciUus mto soluble and insoluble 
portions gave results nhich were not clear-cut, for while the sahne extract of the 
baciUi gai e rise to early reactions, the bacterial residue left after thorough grinding 
and extraction mth sahne was stdl antigemcaUy active, produemg both the early 
and late reactions (The degree of late reaction was, however, much reduced ) 
This observation coidd have been mterpreted as showmg the existence of an antigen 
other than the one removed by sahne extraction More thorough fractionation 
of the bacdlarj" powder has, however, shoivn that most, d not all, of the activity 
of the insoluble residue had been caused by mcomplete fractionation A thorough 
fractionation of the bacdlary ponder has shown that none of the isolated fractions 
nor the final bacterial residue gives rise to a late reaction 

ihnother w orker has brought up the question of the pliirabty of antigens m 
qmte a difierent sense De Souza Lima (1938) suggested that the Mitsuda antigen 
is a three-part complex, one part coming from the tissue ceUs and bemg non-specific, 
a second part bemg common to the acid-fast baedh in general, and a third part 
bemg specific for the leprosy bacdlus We have shown that the tissue cells 
completely freed from the baedh are not antigemc The statement of De Souza 
Ijuna regarding the part played by the tissue ceUs m brmgmg about the ^Mitsuda 
reaction has, therefore, not been confirmed It has been shown that the whole 
Mitsuda reaction depends on the baedh The present work has showm that the 
protein antigen can be divided mto at least thiee fractions , it is not impossible 
that one or more of these fractions is ‘ species specific ’ and one ‘ type specific ’ 
This conception is, moreover, m keepmg with knowledge of the antigemc make up 
of other bacteria 

Thus, our work disproves the presence of two antigens m the sense indicated 
bi Fernandez (one antigen for the early reaction, and the other for the late) but 
shows that there is more than one antigen of protem nature 


The test mth the %solated antigen and a comparison inth the Mitsuda test 

Tlie early reactions to the soluble antigen have been observed m ] 25 cases of 
leprosy, some ‘ neural ’ and some ‘ lepromatous ’ 

In this work the antigen was used m doses of 0 02 mg , and positn e results 
were obtamed in most of the cases m which they could be expected Tlie not 
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infrequent, occurrence of focal reactions however and the persistence of the early 
reaction for a week or more, have "suggested that the dose used was too large and 
that in cases of leprosy (but perhaps not in contacts), a considerably smaller dose 
could be used In reading the results of this test a defimte area of erythema of 
10 mm or more in diameter accompamed by' infiltration and oedema has been 
recorded as a positive result The average diameter of the erythema m positive 
cases was over 15 mm , the maximum being over 40 mm The reading is best 
made at 24 hours 

Positive results were seen in cases of the ‘ neural ’ type and negative resulte 
in cases of the ‘ lepromatous ’ type The significance of the t^ with this 
antigen, therefore, appears to be the same as that of the classical Mitsuda 
reaction 

A comparative study of the early reaction to the soluble antigen and of the 
late reaction to ordinary leproimn (the Mitsuda reaction) m the same patients has 
shown that the isolated antigen is at least as sensitive as, if not more sensitive 
than, ordmary lepromm 

The test with the isolated antigen has, moreover, great advantages over the 
classical Mitsuda reaction — 

(1) A pure antigen is used, which is of a known chemical nature and which 

can be accurately standardized by weight This antigen is thus a 
great miprovement on the crude antigen which consists of ground 
leprosy nodule and which is difficult to standardize 

(2) The results are obtained m 24 hours instead of three weeks or more — a 

great advantage to both the patient and the mvestigator 

(3) Undesirable late reactions, ulceration, etc , not uncommonly seen with 

the classical Mitsuda test are avoided — a very great advantage to 
the patient 

It IS therefore suggested that for doing skin tests in leprosy the isolated antigen 
can, with great advantage, leplace the ordinary lepromm of Mitsuda 


The anomalies of the Mitsuda reaction 

As already mentioned in the previous paper the Mitsuda test has three marked 
anomahes, namelv (o) its lateness, (6) the positive results in non-contacts and (c) 
the negative results in cases of lepromatous type We will here discuss these three 
anomalies in the hght of the present work 

(o) The lateness of the Mitsudu reaction — ^In the preceding article it ivas 
suggested that the lateness of the reaction was caused ly the nature of the 
matenal injected, most of the antigen not being iree at first, but bemg liberated 
gradually in minute amounts over a prolonged period Histological examination 
of the nodules produced by injection of ordinary’’ lepromin in patients supported 
this theory , intact and acid-fast bacilh could still be found several weeks after 
the injection This observation is moreover m accordance with the previous 
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expenence that Hansen’s bacillns is extraordinarily resistant, for after injection 
into laboratory animals it can retain its form and acid-fastness for a year 
or more 

Furtber support was given to tbe theory by the finding that breakmg down 
of tbe baciUi enhances tbe early reaetion and reduces the late reaction The final 
proof of tbe truth of tbe theory is provided by tbe work on tbe fractionation of 
tbe bacillus reported in tbe preceding article, tbe defimtely antigemc fraction 
producing only an early reaction and no late reaction 

It appears, therefore, that it is the constant bberation of mmute amounts of 
antigen, reaching its height three weeks or more after tbe mjection, that causes 
the characteristic late nodular reaction of the Mitsuda test 

(6) Positive results in non-contacts — As ahreadv stated positive results to the 
Mitsuda antigen m non-contacts have been reported bv several workers and 
confirmed by Dharmendra and Jaikana (1941) No satisfactory explanation has 
yet been given and the present work has not so far explained this phenomenon 
Our work does, however, give some ground for the hope that an explanation may 
be forthcoimng Tlie bacdlary protem has been divided mto three fractions, 
all antigemc, and it may be that one of the fractions is specific If this is so, 
a specific allergic skm reaction wdl be made available 

At one tune before the rvork had reached its present stage we formidated a hypotheaw which was 
capable of expla ining both the lateness of the Mitsuda reactaon and the positive results seen in non 
contacts This hypothesis we have now abandoned as untenable and it is mentioned here largely 
because another leprosy worker (Wade, 1941) has recently advanced a very similar hypothesis 'U'e 
thought that non contacts were possibly not allergic at the tune of the mjection of lepromm, but bemg 
Mtentially aUergio might be sensitized and rendered allergic bv the antigen hberated in the first few 
days after the mjection and that, later, them tissues nught react allergically to the antigen still bemg 
liberated at the site of mjectibn This idea therefore means that the same dose of lepromm might 
both mduce allergy and demonstrate allergy by the nodular reaction three weeks later 

If this theory had been true the soluble antigen should have gii en negative results in non contacts 
As already reported (Lowe and Dharmendra Joe cit ) such results ivere not obtamed In 24 of the 39 
healthy adults hvmg m circumstances which made it highly improbable that they have ever had contact 
with cases of leprosy, positive results were seen withm 24 hours on testmg inth the soluble antigen 
This evidence show^ that the hypothesis mentioned is untenable 

(c) Negative results in cases of lepromatous type — The present work has no 
direct bearmg on, and suggests no explanation of, this last anomaly, smee there i« 
little mdication that the ‘ lepromatous ’ cases, while not reactmg to ordinan 
lepromin, will react to isolated protem 

We will bneflv outhne two mam hnes of thought bearing on this matter Firstly, the lack of the 
response of the tissues m these cases is associated with a heavy baciUarv infection and may be similar 
to the negative tuberonlm test seen m very advanced cases of tuberculosis Secondly, this lack of 
activity may be inherent m the tissues, and not causally related to the presence of leprosy bacillus in 
the body 

According to the first view, heavy or repeated mfections would tend to break down or imdermme 
the resistance of the body, causing the lepromm reaction to be negative and leadmg to the development 
of the lepromatous type of the disease We have found some relation between the presence of the 
I^rosy bacilli m the lesions and the results of the lepromm test Even m neural cases, the findmg 
of baciUi m the lesions is i eiy often associated with a weaker reaction than would be seen m similar 
but bactenologically negative cases. Cochrane el of (1941) have found that in children the proportion 
of the positive lepromin reactions appeared to be lower in those children who had had closer contact 
In tbe opimon of these authors the most important single factor m breakmg down cellular resistance 
in leprosy is contmuuua contact with an open ease ’ 
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In the two preceding articles [Parts I and n of this senes (Dharmendra, 1942 , 
Dhannendra and Lowe, 1942)] the reactions to lepromin (suspension of ground 
leprous nodules) to filtrate from it, and to the protein antigen isolated from the 
leprosy baciUi have been discussed A mention has been made of some other 
preparations which have been used by different workers mainly with a view to 
elucidating the mechamsm of the hlitrada reaction In the present article it is 
proposed to discuss the bearing of some of these findmgs on the present work 

Reactions to disintegrated hacBh 

Nagai (1938) found that keepmg leprous nodules over a prolonged period m 
5 to 10 per cent lecithm or boding the nodules in the same solution for half an hour 
resulted in the loss of acid-fastness of the leprosy baedh and m their degeneration 
and granulation Intradennal m] actions of a suspension of the nodule boded in 
lecithm gave rise to reactions simdar to those produced by ordmary lepromin. 

J, MR ( 17 ) 2 
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Thus, this work gave no additional information regarding the mechamsm of 
the test 

Kitano and Inoue (1941) broke down the bacilh by physical, instead of 
chemical, methods These workers treated ordinary lepromin with ultra-supersonic 
■naves to break the bacilli contained m it The lepromin thus treated was found 
to produce stronger early but weaker late reactions than ordmary lepromin 
The filtrate from this treated material was found to give early reactions stronger 
than those produced by filtrate of ordinary lepromm and no late reactions at 
all These workers attribute the early reactions to the dissolved components of 
the bacilli They concluded that the soluble elements are unable to produce the 
Mitsuda reaction which depends on the presence of sohd bacdlary elements in the 
injected material These findings agree ■with the present fincbngs that breaking 
down of the bacilli is accompamed by the hberation of larger amounts of soluble 
antigen, and that this soluble antigen produces an early reaction only These 
workers do not appear, however, to have realized the sigmficance of the enhanced 
early reaction produced by the breaking of bacilb 

Reaction to the different fractions of the leprous nodule — ^No other workers have 
reported on the isolation of chemical fractions of the bacilli themselves A few 
workers have, however, attempted to isolate the antigemc fraction or fractions 
from emulsions made by grinding up lepromatous tissue 

ViUela (1938) and Rabello, Thiers-Pinto and Villela (1938) at the Cano 
Congress reported the isolation from leprous tissues of an active non-hpoid fraction 
On injection into patients this fraction produced a reaction similar to that produced 
by ordinary lepromin Rabello (1938), Rabello and Villela (1938) and Rabello, 
Villela and Tostes (1939) re-state the same findings Villela (1939) has described 
the method of the preparation of the active fraction, ‘ apparently of protein nature ’ 
The present findings agree ■with the findmgs of these workers to the extent that the 
hpoid fractions of the nodule are mactive, and that actmty is confined to the 
non-hpoid fraction The reaction to the active substance of protein nature 
separated by these workers is, however, of the ‘ delayed ’ type, like the classical 
hlitsuda reaction This protem fraction isolated from leproma emulsion, therefore 
differs markedly from the fraction isolated as here reported from the baciJh 
themselves, winch gives only an early reaction of the ‘ tubercuhn ’ type and no 
late reaction at all 

It is believed that these workers could not have actually separated the protem 
fraction of the bacilli, and were really workmg •with imbroken and mcompletely 
broken bacilh together with the proteins from the tissues This behef receives 
support from the account given of -the method employed by these workers to obtain 
their non-lipoid fraction ‘ Ground leproma, boiled m distiUed water, is extracted 
■with petroleum ether and an ether-alcohol mixture is added to the aqueous phase 
The precipitate forms the non-lipoid fraction ’ Our expenence indicates that 
such treatment is not hkely to break up the baciUi and hberate baciUary protein, 
for the leprosy bacilh are very resistant to chemical agents 

Paras (1938) isolated the major lipoid components (phosphatide, acetone- 
soluble fat and wax) of leprous nodules (the isolation of the non-hpoid fractions 
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has not yet been reported on) Skin tests on a few cases of leprosy showed that, 
of these hpoid fractions, only the war produced definite reactions similar to, but 
not as intense as, those produced by ordinary lepromin The biological activity 
of the wax separated by Paras can, it is beheved, be explained by assuming that the 
wax contamed some lepra bacdh, and this idea also is supported by his account 
of his methods The ground leprous tissue, after havmg been treated with alcohol- 
ether mixture, was macerated with chloroform, and the chloroform with the 
dissolved wax was separated from the tissue by filtration through a Buchner funnel 
The great affimty possessed by chloroform for the bacilh has been mentioned 
in the first article of this series and it is quite conceivable that some bacilh 
were carried mth the chloroform and were present m the wax obtamed by 
eyaporatmg the filtrate 

Reaction to a protein isolated from leprous spleen — Henderson (1940) isolated 
protems from leprous spleens rich m acid-fast bacilh, by grinding the dried spleen 
m a ball mill at — 70°C and by extractmg the ground material with distilled water 
or with phosphate buffer The work was undertaken m the hope of obtammg 
specific protems of the leprosy bacillus, which could be used in serological or skm 
tests for the diagnosis of leprosy The Jomt Committee on Leprosy Skin Tests 
(1940) used these preparations for malang skm tests on {i) bacterioIogicaUy 
positive cases of leprosy, {ii) children of leprous parents (contact group) and 
{lit) children of healthy parents, with no history of exposure to leprous infection 
(control group) 0 05 mg of the isolated protein m 0 1 c c was used for the 
mjection No late reactions of ‘ Mitsuda ’ type were seen Early (24 to 48 
hours) reactions of ‘ tubercuhn ’ type were seen m some persons m all the fhree 
groups These reactions were, howeyer, very weak, usually consisting of an 
oedematous area of less than 10 mm The mcidence of positive early reactions m 
the cases, contacts and non-contacts was 4, 19 and 11 per cent respectively The 
Committee concluded that the protem extracts of leprous spleens ‘ do not contain 
any substance to which persons suffermg from active leprosv (bactenologicaUy 
positive cases), or previously exposed to infection by leprosy, react specifically ’ 
The Comrmttee has explamed this lack of reaction as follows — 

‘ Either the matenal, although derived from spleens rich m acid-fast 
bacdh, did not contam enough specific protem to ehcit a positive reaction m 
the doses used, or sensitiveness comparable to the tubercuhn-sensitiveness of 
tuberculosis does not exist m leprous patients of the kind used or m leprosy 
contacts ’ 

The antigen used by the Committee and the results obtamed appear to show 
certam smnlanties to and certain marked differences from the antigen used by 
us, and from the results obtamed by us We will discuss these snmlanties and 
differences 

The reaction to the protem isolated by Henderson from leprous spleens 
was sirmlar m type, although seen so rarely, to the reaction to the protem 
isolated by us from leprosy bacdh, smce both the preparations produce an early 
reaction only 
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AH tlie cases tested by the Commission were bactenologically positive and 
most appear to have been of the ‘ lepromatous ’ type The fact that shght 
reactions were produced in only 4 per cent of the cases seems to point to another 
feature common to the two preparations — ^the inabihty to ehcit reaction m the 
‘ lepromatous ’ cases 

On the data available it is impossible to make a comparison of the results 
m the neural cases In contacts the incidence and the degree of reaction to 
Henderson’s protein is much less than to the protem isolated by us 

The two preparations appear to differ very markedly m potency 0 05 mg 
of the protem prepared by Henderson produced weak and evanescent reactions 
only (usually less than 10 mm ), whereas 0 02 mg of the protein prepared from the 
bacilli produced strong reactions, the area of erythematous swelhng being usually 
more than 20 mm , often reachmg 40 mm , and the reaction persistmg for a week 
or more This difference m the potency appears to be caused by the difference 
m the source of the two preparations Henderson isolated protem from the whole 
spleen, the product bemg a mixture of protem from the splemc tissue and the 
leprosy baciUi The protem isolated by us was prepared from the bacilli freed 
from tissue and thus consists of bacdlary protem only 

As already stated the Jomt Comimttee has put forward two alternative 
explanations of the absence of reactions to Henderson’s protem both m the cases of 
leprosy and m contacts Accordmg to the Committee either the matenal mjected 
did not contam sufficient specific protem or ‘ sensitiveness comparable to the 
tuberculm sensitiveness of tuberculosis ’ does not exist m the type of cases tested 
and m contacts We have shown that such sensitiveness does exist m contacts 
and in cases of the neural type but not m cases of the lepromatous type In the 
contacts and m the neural cases (if any) the absence of reaction was, therefore, 
probably caused by the insufficient amounts of antigen In the lepromatous cases, 
which constitute most, if not aU, of the cases tested by them, the other factor, 
lack of sensitiveness also operates, and is the chief factor smce even large doses of 
antigen wiU not mduce reaction m them The two explanations given by the 
Committee are thus not truly alternative explanations , neither will explain all the 
observations, a part of them bemg explamed by one and a part by the other 

Reaction to a substance isolated from the mine of cases of leprosy — ^Berni'^ and 
Mauze (1940) have isolated a substance from the urme of bactenologically positive 
‘ lepromatous ’ cases They consider skin reactions to this substance of diagnostic 
value A papule exceeding 1 cm m diameter, and accompamed by erythema and 
pam, is reported to appear 24 hours after the injection Positive results have 
been reported in all the 199 cases of leprosy tested, none of the 91 healthy persons 
tested showmg a positive reaction We have attempted to confirm the findings 
of Berny and Mauze A substance of proteose nature has been isolated from unne 
of bactenologically positive lepromatous cases Tlie reaction produced by 
mtradermal mjections of this substance appears to be similar to that produced 
by other proteoses having nothing to do with leprosy and to be different from the 
reaction produced by the antigen isolated from the leprosy bacillus This matter 
IS bemg studied further 



Dliarmendra and J Lowe 


21 


Reaction to antigens prepared from cultures of acid-fast bacilli — ^Aparb from 
preparations obtamed from human leprosy matenal, several preparations from 
other sources have been used for domg shin tests in leprosy These preparations 
include proteins isolated from cultures of various acid-fast bacteria mcluding some 
of the supposed cultures of Myco leprae and Myco leprae niuns, and various chemical 
fractions of a supposed culture of Myco leprae 

In the present state of our knowledge it seems to us that no useful purpose 
iviU be 8er\’ed by analysmg and discussmg the findmgs In order to assess the 
significance of the findin gs made with these preparations it is essential to make 
a comparative study of the antigemc properties of the differ ent protem fractions, 
prepared by identical methods, from the Hansen’s bacillus and the other acid -fast 
bacilh This has not so far been done A study of this matter is now bemg 
undertaken 


SUMMAPY 


1 The findmgs of other workers regardmg the antigemc activity of lepromm 
treated by various methods and the bearing of these findings on the present work 
have been discussed 


2 The findmg of some workers that the breaking down of the bacdh by 
physical means is accompanied by an mcrease in the amount of free antigen m 
lepromm is in accordance with the present findmgs 

3 The reports of other workers on fractionation of the leprous nodule (not 
the baciUus itself) are cbscussed It is considered that the reaction produced 
indicated tliat the active non-hpoid fraction obtamed by Villela and co-workers 
could not possibly have been a protem antigen Their results are snch as would 
be expected, and have been obtamed by us, vath unbroken or mcomidetaly 
broken bacilh The methods used by them would, it is beheved, neither break 
down the bacdh nor hberate the antigen 

4 Only one worker has isolated protem by grmdmg leprous tissue (spleen) 
nch m acid-fast bacdh The isolated protem produced only very shght early 
reactions of the ‘ tubercuhn ’ type m a few cases and m some contacts In 
producing an early reaction only, it resembles the protem isolated from the 
Hansen’s bacillus by us, but it is of very much weaker potency, bemg a mixture 
of protems from splemc tissue and from the bacdh 

6 A proteose isolated from the urme of leprous patients by the methods of 
Berny and Mauze has produced reaction different m nature from that produced 
by bacdlary antigen 
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Since the importance of riboflavm m hnman nutrition is well established the 
development of a simple method for estimating this vitamin in foodstuffs is a matter 
of great importance Many methods have already been described, some biological 
and others physico-chemical The consensus of opmion is that riboflavin values 
obtained bv biological methods are more rehable than those obtained by physico- 
chenucal methods and that the latter cannot, at present, be considered nholely 
satisfactory either because they are not specific for nboflavm or because all the 
riboflaiun present is not estimated (McCollum et al , 1939) Methods may be 
broadly classified as follows — 

A BxoJogical melhodt — 

1 By the growth of young rats (Bourqum and Sherman, 1931 , el Sadr, Macrae and Work, 

1940) 

2 By the growth of Laclohaatlut casei (Snell and Strong, 1939 , Fraser, Toppmg and Isbell, 

1940 Strong, Feeney, Moore and Parsons, 1941) 

B Physico-chetnical methods — 

1 Colonmetnc estimation of the yellowish green colour of the ertract obtamed after vanous 

methods of purification (Koschara, 1934 , Emmene, 1938 , Wilson and Roy, 1938) 

2 Determmation of the fluorescence of the extracts obtamed by various methods of punfica 

tion by a flnonmeter, colorimeter or photometer (von Euler and Adler, 1934 Sinrthy, 

1937 Wilson and Boy, loc at , Sulhvan and Norns, 1939 , Hodson and Noms, 1939) 

3 Determmation of the yellowish green colour or of the fluorescence of lumiflavm Formed 

by the irradiation of nboflavm m an alkahne medium (Warburg and Christian, 1933 , 

Kuhn el a ! , 1934 , Shaw, 1939 , Wilson and Roy, loc. at ) 

A 1 In the biologicul method, using the growth of rats as the cnterion, 
the pro\ ision of a basal diet free from nboflaton but coutaimng all other essential 
nutrients has until recently not been possible, and most basal diets were deficient 
m at least one factor of the vituiran B 2 complex besides nboflavm Carlsson 
and Sherman (1938) pointed out the possibihty of a deficiency of other members 
of the vitamm Bo complex m the Bourqum-Sherman diet and suggested that 
food products, such as liver, kidney, muscle and milk, may c.nn tnin unknown 

( 23 ) 
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growth-promoting factors which are absent from the basal diet Hence any groivth 
response obtained by the addition of a foodstuff to these diets may be due not only 
to the supplementary effect of riboflavin, but also to other factors present m the 
food Such methods of estimation tend to give too high values for riboflavin 
Recently, el Sadr, Macrae and Work (foe eii ) have suggested an improvement in 
the rat-growth method by employing a liver or yeast extract treated with Hont 
charcoal which presumably contained all the known factors of the vitamin B 2 
complex, except nboflavm, in place of the alcoholic extract of vhole wheat used 
by Bourqum and Sherman {he cit ) 

2 Snell and Strong {loc cit } used the growth-promoting action of nboflavm 
on Lactobacillus casei as the basis of a test The method is highly sensitive, 
but it IS probable that certain foodstuffs, e g hver, muscle, kidney and milk, 
may contain certam unknown growth factors for the bacillus not present m the 
synthetic medium, so that the values obtamed might again tend to be too high 
Further, certam foodstuffs may contain substances which have an inhibiting effect 
on the growth of bacteria 

B Existing physico-chemical methods are in general limited in value, 
because, when applied to certain food products, they are either not specific for 
nboflavm or else all the riboflavin present m a food is not estimated EUinger 
(1938), who has made a critical study of methods, pomted out three possible sources 
of error in physico-chemical methods , incomplete extraction of the nboflavm 
present , losses occurrmg during the vanous processes of purification , mterference 
caused by the presence of varying amounts of coloured and fluorescent impurities 
in the purified extracts 

In colorimetric estimation, it is necessary to remove all other pigments before 
a determmation of the nboflavm is possible Van Eekelen and Emmene (1935) 
found, however, that the complete eliimnation of other pigments was not attained 
Estimation of the fluorescence of nboflavm m purified extracts of biological 
materials by a fluorimeter may give rise to faulty results, smee varying amounts 
of colourmg matter and blue fluorescent matenal are always present m such 
extracts, mth the possible exception of the extract obtamed from milk Recently, 
Hodson and Homs (loc at ) have claimed that the blue fluorescent substances 
present can be ehmmated selectively, by reduemg with stannous chlonde and 
sodium hydrosulphite Repeated attempts by the author to use then technique 
have not proved successful, smee it was found that the mterfenng blue fluorescent 
materials behaved m the same manner as riboflamn, when acted upon by the above 
reagents 

The third method of estimation, 1 e conversion of lactoflavin mto lumiflavm 
and determimng the fluorescence of the latter, has m general been considered as 
an improvement over the colonmetnc and fluorimetric methods Interfermg 
fluorescent substances are, however, present m certam foods, extracted along with 
lumiflavm by chloroform Further, the conversion of nboflavm mto lumiflavm 
is not quantitative and the losses depend on the quantity of nboflavm present, 
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these heing greater ^vhen the quantity present is small Losses vary from 13 to 
58 per cent, as calculated by Kuhn and his co-workers (loc cit ) 

Since chemical methods are less time-consummg than biological methods and 
more com ement for the study of the physiological and biological r61e of vitamins, 
a re-investigation of fiuonmetric methods has been earned out, as the result of 
which a new and simple fluonmetne method has been developed 


Principle of the method 

The method depends upon the followmg properties of nboflavm (1) It 
fluoresces green when exposed to ultra-violet light, and the mtensity of the 
fluorescence can be measured with a photo-electnc cell (2) It is not destroyed 
by mild oxidation m the cold with dilute potassium permanganate, whereas 
mterfermg colounng matter present is to a great extent removed (3) The 
fluorescence due to nboflavm can be completely destroyed by heatmg the vitamm 
m N /lO NaOH m a bodmg water-bath for 40 nunutes, while the blue fluorescent 
mterfermg matenals, associated with nboflavm m purified extracts of biological 
matenals, are stable under the same conditions 

The method is an indirect one This is due to the fact that the colounng 
matter present mterferes with the accuracy of the method by adsorbmg part of 
the activating and fluorescent fight and thus causes the results to be too low The 
blue fluorescent substances-, on the other hand, mterfere with accuracy m the 
opposite direction The mterfenng colouring matter can be removed to a great 
extent by a prefimmary adsorption of riboflann on Fuller’s earth, foUov ed by 
oxidation m the cold -with dilute potassium permanganate solution The mterfermg 
blue fluorescent substances can be differentiated from nbofla-vm by the fact that 
their fluorescence remains unaffected after treatment -with hot K /lO NaOH, while 
the fluorescence due to nbofla-vm is destroyed completely The difficulty of 
gettmg nd of traces of stable mterfermg pigments is overcome by addmg a kno-wn 
amount of a standard solution of nbofla-vm to the imkno-wn solution after a 
prefimmary measurement vith the fluonmeter and detennmmg the extent by 
which these mterfermg pigments decrease the value due to the addeS nbofla-vin 
Any loss of nbofla-vm occurrmg durmg the whole process of extraction and 
purification can be deterrmned by addmg a known amount of standard solution 
of nbofla-vm to a known amount of the foodstuff under mvestigation and 
estimatmg the percentage recovery of the added nboflavm Thus, by applymg 
the three important correction factors, -viz (1) the mterference due to the alkali- 
stable fluorescence, (2) the mterference due to the stable pigments and (3) the 
loss, if any, occurrmg durmg the process of extraction and purification, the 
amount of nbofla-vm can be accurately deterrmned 

Eiboflavm is photo-sensitn e and ordmary room fight may have some 
destructive effect It is therefore necessary that the expenmeutal procedure 
should be earned m a subdued fight and solutions kept m a dark cupboard 
when not bemg used These precautions were observed throughout the present 
work 
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Experimental 


Reagents required — 

1 .Standard riboflavin (strbng) 1 ml = 60 jag (Half a ml of pure chloroform is added to 

600 c 0 of the standard solution as a preservative The solution is kept m a brown 
bottle m a refrigerator It is advisable to prepare a fresh standard once m eveiy 3 
months ) 

2 Standard nboflavm (dilute) loo =6 /tg prepared fresh as required by dilutmg 1 ml of 

solution (1) to 10 ml with water 

3 Sulphuno aoid 10 N (approx ) 

4. Sodium hydroxide 10 N (approx ) 

6 Acetic acid 10 N (approx ) 

6 Sodium acetate solution 4 N (approx ) 

7 Acetate buffer pH 6 

8 Potassium permanganate 3 per cent aqueous solution 

9 Hydrogen peroxide solution (12 vol ) 


Apparatus — The fluonmeter consisted of a Weston Photromc coll (Model 
594) connected to a Reflecting Galvanometer (Tinslay & Co , London) through a 
umversal shunt The light source was a JRanovia mercury vapour lamp, with a 
blue glass-filter For quantities of 1 fig to 10 gg of nboflavm, m 11 ml of solution, 
the galvanometer response was proportional to' the nboflavm present and there 
was no appreciable difference m the mtensity of fluorescence with change of pH 
from 5 to 7, when acetate buffer was employed The response for 1 jug of nboflavm 
varied from 9 to 12 scale divisions, dependmg upon the intensity of the lamp 
Hence, the fluonmeter was always checked against the standard solution of 
nboflavm before and after a readmg with an unknown solution was taken 

Procedure — The method finally adopted, after many prehmmary trials, 
included the foUowmg steps — 

(1) Extraction of the food material three times with hot N/20 H2SO4 

(2) Removal of colourmg matter by the addition of a shght excess of N 

lead acetate dissolved m N acetic acid solution (Tlus step is un- 
necessary with many foods contammg small amounts of colourmg 
. matter ) 

(3) Adsorption of the nboflavm present on Fuller’s earth (B H H) 

(4) Elution of riboflavin usmg 60 per cent aqueous alcohol, contammg 

sufficient sodium hydroxide to make a concentration of lSr/4 

(6) Destruction of the nboflavm present m one half of the eluate, by treat- 
ment with N/10 NaOH at 100°C m a water-bath 

(6) Decolorization of the eluates by oxidation in the cold with dilute Kj\rn04 

and the excess of KMn04 with hydiogen peroxide Adjustment 
of pH to 5 and makmg up to a known volume 

(7) Estimation of the nboflavm present by a fluonmeter, applying the 

necessary corrections 

A convement quantity (2 g to 100 g ) of the finely powdered or mixed material, 
containing 30 to 100 gg of nboflavm, was placed in a beakei Two hundred ml 
to 600 ml of N/20 H2SO4 were then added (0 6 ml of 10 N B2SO4 was added to 
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every 100 ml of water used), the amount of solvent used depending on the bulk 
of the matenal The mixture was constantly stirred and heated m a water-bath 
mamtamed at about 70°G to 75°C for 20 mmutes It was then allowed to cool 
and centrifuged The residue was extracted again twice m the above manner 
If the combmed extracts were highly coloured, as m the case of certain vegetables 
and frmts, shght excess of N lead acetate m K acetic acid solution was added tiU 
precipitation was complete (The clear supernatant layer should not give any 
precipitate with lead acetate solution ) The precipitate was removed on the 
centrifuge and washed once with 200 ml of water contammg 20 ml of N lead 
acetate m H acetic acid (This step is unnecessary with the majority of foods, 
which contam only small amounts of colourmg matter ) 

Two g of Fuller’s earth (B D H ) were then added to the clear centrifugate 
(if the centrifugate is not clear, it must be filtered through No 1 Whatman filter- 
paper) and the mixture shaken vigorously for 6 mmutes It was then transferred 
to a taU beaker and allowed to stand for 16 mmutes The clear, or fairly clear, 
supernatant hqmd was transferred carefully mto the shaking bottle, leavmg the 
activated clay m the beaker, and adsorption repeated as before The two lots 
of activated earth were combmed, removed on the centrifuge, and washed once 
with 100 ml of N/10 acetic acid 

Sixty ml of 60 per cent aqueous alcohol and 2 ml of 10 N NaOH were then 
added to the activated earth m the centrifuge tube, the mixture well stirred with 
a thick glass-rod, and shaken vigorously for 3 mmutes, by closmg the mouth with 
a rubber-stopper A variety of eluants was tried, but none was found to be as 
effective and cheap as 60 per cent aqueous alcohol contammg sodium hydroxide 
The mixture was then centrifuged at high speed for 6 mmutes and the clear 
centrifugate transferred immediately to a comcal flask contammg 10 ml of 10 N 
acetic acid The residue m the tubes was again eluted twice m the above manner, 
using 0 6 ml of 10 N NaOH mstead of 2 ml The whole process of elution should 
be earned out as qmckly as possible and each lot of eluate should be acidified 
as desenbed immediately Eiboflavm is slowly destroyed in the cold m prolonged 
contact with sodium hydroxide Eecovery of added nboflavm has shown that 
there is practically no loss at this stage under the aboi e conditions The combmed 
eluates (about 180 ml ) were divided mto two equal portions (T^ and Bi) for further 
treatment as desenbed below — 

One half (Bi) of the eluates was transferred to a 250 ml beaker, first adjusted to 
pH 10 by the addition of 10 N NaOH (using phenolphthalem as mternal mdicator) 
and made alkahne, so that the final concentration of alkah m the solution was 
about N/20 (0 6 ml 10 N NaOH is added for every 100 ml of solution adjusted 
to pH 10) The mixture was heated m a boihng water-bath for 40 mmuteJ’, to 
destroy the nboflavm present This resulted m the concentration of the solution 
to about 30 ml The solution was then allowed to cool and acidified by the 
addition of 4 ml of 10 N acetic acid SufScient 50 per cent aqueous alcohol was 
then added to restore the bulk to the ongmal volume 

Five ml of 3 per cent KjMn 04 were now added to each of the solutions (Ti 
and Bj) and the mixtures allow ed to stand for one mmute Ten ml of hi drogen 
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peroxide solution (12 vol ) were then added to each to decolorize the excess of 
permanganate present Fifteen ml and 5 ml of 4 N sodium acetate solution 
were next added to the solutions Ti and Bi respectively, so that the ratio of 
concentration of sodium acetate to acetic acid was 7 3 The solutions, which 

now have a pH of 6, are filtered and made up to volume (150 to 200 ml ) The 
solution Ti contaiiung the total fluorescence due to nboflavm and other mterfenng 
fluorescent materials may be called the ‘ test solution ’, and the solution Bj, which 
contains only the fluorescence of the mterfermg fluorescent substances, the ‘ blank 
solution ’ Ten ml portions were used for determimng the amount of fluorescence 
present An exactly similar procedure was followed wuth the same quantity of 
foodstuff plus added riboflavin (50 /ig ), the final ‘ test ’ and ‘ blank ’ solutions 
obtained bemg designated T 2 and B 2 respectively 

Determination of the rihofiamn present — The optical cell containing 11 ml of 
acetate buffer (pH 5) was first placed and a reading [a) was taken _ One ml (0 fig) 
of standard riboflavin was then taken in another optical cell, 10 ml of acetate 
buffer (pH 5) added and a second readmg (6) taken Next, 10 ml of each of the 
solutions, Ti, Bi, To and B 2 were successively pipetted out into an optical cell, 
1 ml of water added to each and readings tj, bi, t 2 and b 2 were taken Then 1 
ml (5 /ig ) of standard nboflavm solution was pipetted out mto each optical 
ceU cont ainin g 10 ml of solutions Tj, Bi, T 2 and B 2 and the readings ti + 6, 
bi + 5, t 2 + 5, and b 2 + 5 were taken 

Let the amount of food taken be x g and the final volumes of Tj, Bj, T 2 
and B 2 be y ml each, and the amount of nboflavm added for determimng recovery 
be r fig 

Calculation — 

1 The readmg due to 11 ml of acetate 

buffer (pH 5) = a divisions 

2 The readmg due to 5 fig of nboflavm 

m 11 ml of acetate buffer = b divisions 

3 the readmg due to 5 fig nboflavm 

above = b — a scale divisions 

and the readmg due to 1 fig of nbo- 
flavm 

4 The readmg due to 10 c c of sol Tj 

5 The reading due to 10 c c of sol Ti 

e 

after correction for adsorption 

6 The readmg due to 10 ml of sol Bi 

7 The readmg due to 10 ml of sol Bi 

after correction for adsorption = 


b — a 


divisions 


= ti divisions 


(b — a) 

tj + 6-tj 


scale divisions 


= bi scale divisions 


(b, (b-a) , ^ 

== scale divisions 


bi -1- 6 - bj 
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the corrected reading due to ribo- 
flavin present in 10 ml of sol 

(b — a) (b — a) 

~ -p 6 — bj C — b^ 


scale divisions 


C *1 1 

= I t, + 6-tj ~ h +fi-bi I 

9 The corrected reading due to riboflavin 
present in y ml of sol T, corres- 


ponding to g of food 


/ y W b-a \ [ h 

\ 

- \ 10 J \ 1 ; [ -J- 6 - 

b^ + 6 - b^ [ 

The corrected reading due to nbo- 


fla-vin present in 1 g of food 


y.. 2\/b-a\[ *1 _ 

'’I 

10 ^ X ^ V 1 y [ *1 + 6 - tj 

bj -f 6 - bj 


scale divisions 


scale divisions 


scale divisions 


11 nboflavin present m 1 g of food 
before correction for recovery of 
added nboflavm 

Z_ X ?- X -i_x I - ^ 

lO^x^b-a^ 1 + bj-+-6-bj 

h h 1 

tl +6-ti b^ +6-bj I 

The formula for calculating the percentage of recovery, -which can be calculated 
m a similar manner usmg the values for t 2 , t 2 -b 6, b 2 , and b 2 + 6, is as follows — 



12 The quantity of nbofla-vm found m x g of food 

_ i h 1 

- 7 I tj + 6 - tj bj -j- 6 - bj j P-? 

13 The quantity of nboflavm found in s g of food -f r /ig of added 

nboflann 


f ^2 h \ 

- 7 tg + 6 - tg bg 6 - bg j Mg 


14 recoverv of added nbofla-vin 

rr i f \ 1 

r tj 

h 

^ i \ *2 + ® - *^2 

^>2 + 6 — ^2 / ' 

, -f 6 - 

bj -h 5 — 

Recovery per cent 




lOOy [ / *'2 

*’2 N / 

r tj 


1 \ *2 + 5 - *2 

+ 5 ~h^) \ 

^ tj -f 6 — tj 

bi -f 6 - bj 
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The value obtained for the riboflavin content or ] g of test material as calcu 
lated according to formula 11 should be corrected for the recovery found by 
formula 14 

The calculation is illustrated by the example given in the Appendix 

Recovery of nhojlamn added to foodstuffs — To known amounts of vanous food- 
stuffs, 60 /Lig of riboflavin were added and the piocedure described above followed 
The recovery was good in all cases, rangmg from 80 to 90 per cent The results 
are shown in Table I — 


Table I 


Recovery of riboflavin added to foods 


Experiment 

number 

Quantity of foodstuffs 

Riboflai in 
added, fig 

Total 
riboflavm 
found, fig j 

Recovery, 
per cent 

1 

Eed gram {Gajamia iTidtcus), 40 g 

1 

1 

88 



Red gram (Cajanua tndteus), 40 g 

60 

133 

90 

2 

Yeast, dned, brewer’s, 2 g 

1 

111 



Yeast, dned, brewer’s, 2 g 

60 

164 

86 

3 

Rice polishmgs, raw, 20 g 


60 

1 


Rice polishmgs, raw, 20 g 

60 

108 

96 


Total fluorescence and the fluorescence due to riboflavin in purified extracts of 
foods — ^All the foods examined contained varymg amounts of blue or gieemsh-blue 
fluorescent matenals, which were foimd to be stable to treatment with N/10 NaOH 
at 100°C for 40 mmutes Eiboflavin, on the other hand, completely loses its 
greenish-yellow fluorescence under the same conditions In Table II are given 
;the values obtained in terms of riboflavin, for the total fluorescence and 
the fluorescence due to riboflavin present in purified extracts of foodstuffs It 
wiU be evident that the latter constitutes only a fraction of the total fluorescence 
present in food extracts For example, black pepper, which contams considerable 
amounts of an alkah-stable greenish-blue fluorescent material, contams only traces 
of riboflavin Murthy (Zoc cit ), who followed a procedure in which riboflavin 
w^as estimated by simply determimng the total fluorescence of purified extracts, 
reported a high figure of 162 /xg per g for the riboflavm content of black pepper 
Shaw and Hind (1941), usmg a modification of the lumiflavin method of Warburg 
and Christian (loc cit ) and Jluhn and his co-workers (he cit ), reported that the 
fluorescent material in pepper behaved differently from nboflavm, in that the 
former was soluble in chlorbform, while the latter was not The lumiflavin method, 
in spite of its hmitations, differentiates between riboflavin and other fluorescent 
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interfenng pigments The author’s findings are m accordance -mth the results 
of these ■vroikers 


Table II 


Total flvorescence and the fluorescence due to rihoflamn 
in punfled food extracts 


Kame of foodstuflF 

1 

Total fluorescent 1 
matenals present ' 
m the extract 
expressed as ng 
nboflavm per g 
of food. ‘ 

1 

1 

Riboflavin 

present, 

/‘g/g 

1 

Kice polishings, raw 

11 2 

1 

1 

1 30 

Ragi [Elensine coracana) 

20 

06 

Eaw milled nee 

10 

03 

Dned yeast, brewer’s 

76 0 

66 6 

Eed gram {Cajanua tndteus) 

60 

22 

Black pepper 

643 

0-7 


Eesxjlts 

The method described was applied to 12 common foods, viz 4 cereals, 
2 legumes, 2 vegetables, 2 fruits, nee polishmgs and 3 samples of dned yeast The 
results are shown m Table HI A sample of dried brewer’s yeast was found to be 
a good source of nboflavm, contaimng 55 6 fig per gramme Another sample of 
dried yeast, grown in the laboratory on a synthetic medium contaimng molasses, 
gave the high value of 64 8 gg per g , while a sample of dned distillery yeast 
contamed only 27 6 ng per g Of the four cereals mvestigated, whole wheat 
contamed 1 2 fig , raw milled nee OZ fig, parboiled milled nee 0 8 fig , and ragi 
0 5 fig per g respectively Eaw nee polishings contamed only 3 fig per g Tliese 
results are m contrast with the results obtained with other members of the vitarmn 
B complex, viz Bi mcotimc acid, pyndoxin (Be), which have been found to be 
present in fair amounts m whole cereals, and m greater amounts in raw nee 
polishings ( Aykroyd, Knshnan, Passmore and Sundararajan, 1940 , Aykroyd 
and Swammathan, 1940 , Swauunathan, 1940, 1941) The two pulses mvesti- 
gated contamed appreciable amounts of nboflavm, while vegetables and fruits 
are poor sources The remits reported appear to correspond well with vanous 
biological and fiuonmetne data available m the hterature (IVilson and Boy, hw cit , 
JTodson and Boms loc cit , Boas Fixsen and Boscoe, 1940 , Lanford, Binkelstem 
and Sherman, 19 41) 
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The nboflavin value of whole milk can be taken as about 1 6 micrograms 
per c c , as estimated directly m trichloracetic acid filtrates Fluorescent sub- 
stances other than riboflavm are present in milk in negligible quantities In 
relation to its content of sohds, milk is among the richest sources of nboflavm 

Table III 


Rtboflamn content of certain foodstuffs. 


Ifame of foodstuff 

Botanical name 

Riboflavm, 

Mg/g 

Bice, raw, nulled 


03 

Eice, parboiled, miUed 


0 8 

Rice pobshingB, raw 


30 

Ragi 

Eleustne coracana 

06 

Whole wheat 


12 

Red gram 

Cajanus %ndtc7ta 

1 

26 

Black gram 

Phaseolm niungo 

18 

Black pepper 

Ptper ntgrum 

07 

Cabbage 

Brassfca oleracea capitaia 

06 

Carrot 

Daucus carota 

03 

Orange 

earns auranitum 

04 

Papaya 

Carica papaya 

03 

Tree tomato 

Cyphomandra hetacea 

04 

Yeast, dried, brewer’s 


66 6 

Yeast, dried {Torvla yeast, 
grown on medium containmg 
molasses) 

\ 

648 

Yeast, dried, distillery 


27 6 


Discussion 

The method should be smtable for apphcation to a wide range of materials 
contaimng varymg amounts of nboflavm It was found possible with jnacbce 
to assay 4 foods in 2 days The extraction procedure was chosen after consmera e 
trial had been made of procedures already described by other workers, who use 
aqueous or acid alcohol or aqueous acetone It was found to give better resu s 
m that the extraction was more complete, the extract, at the same time, being 
leas contarmnated with mterfenng pigments and other fluorescent substances s 
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regards specificity, it appears to compare well with the luimflavin. method of 
Warburg and Chnstian (?oc cil ) and Kuhn et al (he at ) Further, it has two 
distinct advantages over the lumiflavin method Firstly, it is less laborious, and, 
secondly the loss of nboflavm occurring m the method is small in comparison 
with the heaw mconstant losses of 13 to 50 per cent occumng m the Inmiflavm 
method (Kuhn et aJ , Joe at) 

SrjtSLVRT 

1 A fluonmetne method for estimatmg the nboflavm content of foodstufis 
IS desenbed 

2 The vanous procedures and corrections necessary to overcome the four 
mam difficulties due to (a) mcomplete extraction, (6) mterference from stable 
pigments, (c) mterference from fluorescent matenals and (d) losses occurring durmg 
the process of purification of the extracts are desenbed 

3 The nboflavm content of 12 representative foods, vis 4 cereals, 2 pulses, 
2 vegetables, 2 frmts, nee polishmgs and 3 samples of dned yeast, has been 
determmed Dned yeast is a nch source The other foods were generally poor 
m the vitamin, pulses and whole cereals bemg somewhat supenor to the others 
The values obtamed appear to correspond well with the results of biological 
assays reported m the literature 
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The reading due to the riboflavin present in 10 ml of sol T = 18 9 divisions 

The reading due to the riboflavin present in 200 ml of sol Ti = 20 X 18 9 

Eiboflavm present in 200 ml of sol Ti, correspondmg to 20 g = — ^ — p-g 

Riboflavin present in 1 g of red gram = ^ 0 /ig 

The readmg due to riboflavin present m 10 ml of sol T 2 = 28 divisions 

The readmg due to nboflavm present in 200 ml of sol Tj, correspondmg to 
20 g red gram + 25 pg nboflavm = 20 X 28 divisions 

20 X 28 

Riboflavin found m 20 g red gram + 26 pg added nboflann = — pg 

Recovery of added 25 pg nboflavm — 9^2 ^ ~ — ^ ^ = 19 8 gg 

Recovery per cent == ^ = 79 2 

Riboflavm m 1 g of red gram after correction for recovery = = 2 5 /ig 

The values obtamed above for the nboflavm present m 1 g red gram, and the 
percentage of recoveryi can be obtained from the formula given m a previous page 
as follows — 


1 Riboflavm found m 1 g red gram before correction for recovery 

_ / y \ f *1 ' ^1 \ _ / 200 ^ 5 44 28 I n , 

+ b^ + 6-bj^jf‘S~V40/l81 -44 64 - 28)~"'^'‘ 

2 Recovery of added nboflavm per cent 


, lOOy f f 




'U t„ + 6-t„ 


100 X 200 

25 


b2 + 6 


-h) (h + ^-h h + 


f ( 

30 > 

\ i 

f 44 

28 \ ] 

[ V 84 - 61 

02 - 30 J 

f 1 

81 -44 

64 - 28 / j 


3 Riboflavm present m 1 g red gram = 


21 X 100 

79 6 


= 2 6 gg 
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Studies on tlie urinary excretion of riboflavin by human beings have already 
been reported by Helmer (1937) and Emmene (1936) Eramene used a colonmetnc 
method on punfied extracts of urme which mvolved the employnient of a 
photometer, while Helmer used a biological rat-growth techmque Riboflavin is 
an essential food factor for human beings (Sebrell and Butler, 1938, 1939 , 
Sydenstncker, Sebrell, Cleckley and Kruse, 1940 , Kruse, Sydenstncker, Sebrell 
and Cleckley, 1940) and studies on the metabolism of the vitanun are greatly 
facihtated by the existence of a simple test for detecting it in unne In the 
present paper a fluonmetnc method suitable for this purpose is descnbed Some 
observataons on the urinary excretion of riboflavin by a normal mdividual, before 
and after the ingestion of varying quantities of pure riboflavin, are also included 
Durmg the progress of this work Strong et al (1941) and Sebrell and his co-workers 
(1941), using the bactenal method of Snell and Strong (1939), have reported result-s 
on the excretion of riboflavin by human bemgs < 


Principles of the method 


These are essentially the same as those of the method described for foodstuffs 
(Swammathan, 1942) Urmes and extracts of unnes purified by the usual 
procedures of adsorption on Fuller’s earth, elution and decolonsation, contam 
varying amounts of colounng matter and blue fiuorescent substances which 
mterfere with the colonmetnc or fluonmetnc estimation of the nboflavm present 
The same procedures have been adopted to allow for the mterference caused by 
these substances The reagents needed are the same as those required for the 
determination of nboflavm m foods 


Procedure , — Twenty five mL portions of 24 hour Bpecimens of normal urme, or urme collected 
after test doses, were measured out into 4 small conical flasks (100 ml capacity) labelled T„ B, and 
T„ B,, Standard nboflavm (6 /ig or 26 /ig ) was then added to the urme m the flasks T, and B, 
to find the percentage recovery (Usually for 26 ml Mrtions of normal urme and urme collected 
after test doses, 6 ^ and 26 fig of nboflavm were added respectively ) The urmes m flasks B, and Bj 
were adjusted to pH 10 (phenolphthalem as mtemal mdicator) by the careful addition of 10 X XaOH 
and the quantity of NaOH required was noted After the addition of a farther 0 7 mL of 10 N NaOH 
to each flask, the flasks were heated in a boilmg water bath for 40 mmutes, to destroy the nboflavm 

( 37 ) 
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present The contents of the flasks and B. were allowed to cool Three ml of 10 N acetic amd 
were then added to aU the 4 flasks, Tj, B„ Tj and B, The total quantity of NaOH originally added 
to flasks B^ and B3 was now added to flasks Tj and T., so as to make the ratio of the concentration 
of sodium acetate acetic acid the same in all oases Four mk each of 3 per cent KJilnO^ were added 
to aU the 4 flasks to oxidize the colourmg matter present After one minute, 8 ml of hydrogen 
peroxide were added to each flask, to decolorize the excess of EAInOi present SuflScient sodium 
acetate solution (4 N) was then added to all the flasks so that the ratio of the concentration of sodium 
acetate acetic acid present was 7 3 and pH about 6 The solutions were then filtered and made up to 
volume (60 ml to 200 ml ), so that the quantity of nboflavm present in 10 ml of solution may be 1 /ig 
to 6 pg Ten ml portions of the extracts T„ B„ T. and B, were used for determinmg the quantity 
of fluorescence present 

If the concentration of nboflavm is less than 1 /ig m 1 ml of unne, the procedure desonbed m 
the previous paper (Swaminathan, 1942) for food extracts should be followed,^as the quantity of 
nboflavm present is too small to be accurately estimated by the direct method descnbed m this 
paper 

Delerminahon of riboflavin — Essentially the same methods of estimation and 
calculation as those employed for foodstuffs were followed The calculations made 
in the case of one sample of urine are given as an example — 

Example 

(1) Volume of 24-hour specimen of normal human urine = 2,500 ml 

(2) Volume of unne measured out into the flasks Ti, B], T 2 and B 2 

respectively =• 26 ml 

(3) Quantity of nboflavm added to flasks To and B 2 for finding the 

percentage recovery — 5ftg 

(4) Final volume of the solutions Ti, Bj, T 2 and B 2 respectively was 

60 ml 

Solution Ti represents the ‘ test ’ contaimng the fluorescence due to nboflavm 
and mterfermg substances present in 26 ml of unne 

Solution Bi represents the ‘ blank ’ contaimng the fluorescence due to the 
interfering substances alone, present in 26 ml of urine 

Similarly, solutions T 2 and B 2 represent the ‘ test ’ and ‘ blank ’ respectively, 
the former containing the fluorescence due to the nboflavm and interfenng 
substance present in 25 ml of unne + 6 /ig nboflavm, and the latter contaimng 
the fluorescence due to the interfering substances alone 2 ->resent in 26 ml of 
urine 5 fig nboflavm 


Readings and calculation 


Solution tested ml 

1 

1 

t 

Readmg 
of the 
scale 
divisions 

1 

Calculation 
for correc 
tion (scale 
divisions) 

Corrected 

rcadmgs 

(scale 

divisions) 

Eeadmgs due 
to the nboflavm 
present m the 
solutions 
(scale divisions) 

1 Acetate buffer 11 ml 

1 

7 



/ 

2 Standard nboflavm 6 /ig + 10 of 

acetate buffer 

67 

57-7 ' 

1 

60 

i 
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Readings and calcidaiion — concld 


Solution tested ml 

Reading 
of the 
scale 

divisions 1 

Calculation 
for correo 
tion (scale 
[ divisions) 

1 

Corrected 

readings 

(scale 

divisions) 

Readings due 
to the nboflavm 
present m the 
sointions 
(scale divisions) 

3 

Ten mL sol -L 1 mL of wnter 

1 

1 

22 6 

1 

1 

' 22 6 x 60 
60—22 6 

1 

41 ^ 


4. 

Ten mL soL 5 fig riboflavin j 

60 

1 

1 



6 

Ten mL of soL T^ + 1 mL of vater | 

1 34 

, 34x60 

70-34 

47 2 

1 

62 

6 

Ten ml of eoL Tj + 5 fig riboflavm 

1 70 


1 


7 

Ten mL of soL B 2 -t 1 ml of ivater 

1 

1 23 

' 23x60 

j 62-23 

40 


8 

Ten mL of sol B 2 + 5 fig nboflavm 

1 62 

\ 



9 

Ten mL of boL T, -t 1 mL of water 

39 

1 39x60 

73-39 

67 3 

17 3 

10 

Ten ml of soL T 2 + 5 /ig nboflavm 

73 

1 

1 

t 




6 2 

The quantity of nboflann present in 10 ml of sol ^ /tg 

The quantity of riboflavin present in 60 ml of sol 
Tj correspondmg 25 ml of unne = ^ = 3 1 

The quantity of nboflavm present m 2,500 ml of 
unne corresponding to 24 hours =- 100 X 3 1 = 310 /ig 

The quantity of nboflavm present in 50 mh of sol T 2 , 

17 3x6 

corresponding to 25 mL of unne + 6 ^g of nboflavm = — = 8 7 gg 

Recovery of added nboflavm = 5 6 /tg = 112 per cent 

The recovery test can legitimately be onutted vhen the procedure is applied 
to a senes of matenals of a similar nature, which have been found to give good and 
constant recovery values 

It IS essential that the calculation be made as shown above, makmg the correc- 
tions for (a) the adsorption effect of stable mteifermg pigments, (b) the interference 
due to other blue fluorescent matenals and (c) the loss of nboflaim, if any, occurring 
durmg the process, as found bv the percentage recovery of added riboflavin 
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Recovery of nboflamn added to unne — ^Different known amounts ot nboflavui 
were added to 25 ml portions from 24-hour specimens of normal unne and urme 
collected after test dose, and the ahove procedure followed The recovery was 
good in all cases, ranging from 85 to 106 per cent (Table I) 


Table T 

Recovery of rthoflamn added to unne 


Exponment 

number 

Unne witb and mthout added 
nboflavm 

Total 
nboflavm 
found. Mg 

, Recovery, 
per cent 

1 

2fi ml (normal) 

34 

1 


26 ml -b 6 /ig riboflavin 

1 

106 

2 

26 ml (normal) 

1 

36 

1 



26 ml -b 6 Mg nboflnvm 

82 

92 

3 

1 

26 ml (test (lose 1 mg ) 

12 7 

1 



26 ml + 26 Mg nboflnvm 

34 9 

89 

4 ' 

26 ml (test dose 2 mg ) 

18 2 



26 ml -b 26 Mg nboflnvm 

42 6 

97 

6 

26 ml (test dose 6 mg ) 

41 3 

« 


26 ml +26 Mg riboflavin 

G4 6 

93 

6 

26 ml (test dose 10 mg ) 

79 6 



26 ml + 26 Mg riboflavm 

100 8 i 

86 


The excretion of nhoflamn by human beings — The present investigation was 
carried out on a laboratory worker, consunung a fairly well-balanced diet based 
on nulled nee and including a daily allowance of 20 oz of milk, and fair amounts 
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of pulse and vegetables The normal daily intake of nbollavin from such a diet 
was probably 1 2 mg to 1 6 mg 

Preliminary study of the urinary excretion of riboflavin (Table 11) at two 
intervals m the 24-hour period, after test doses oi 2 mg to 6 mg , showed that 
about three-fifths of the additional excretion which occurred as a result of the 
test dose m 24 hours took place in the first 7 hours, and about two-fifths m the 
second 17-hour period The increase in excretion due to the test dose was 
complete in 24 hours, as is shown by the return to normal on the sixth day 
after the test dose had been discontinued The test doses were taken between 
9am and 9-30 a m 


Tablf II 

Urinary excretion of riboflavin estimated at intervals, before and after 

test doses 


1 

1 

Conaeoutive 

experunental 

days 

Dose of 
nboflavm, 

K 

Uetsabt onTTUT m 24 hodbs 

Increase m 
excretion 
due to test 
dose, lig 

Ist 7 hour period, 
9-30 a m —4 30 p m , 

1 

2nd 17 hour period, ^ 
4-30 p m — 9 30 a m , 

Total 

24 hours, 

m 

1 

Nil 

77 

268 

1 

i 

336 1 

I 1 

1 

2 

Ntl 

72 

i 

243 

1 316 ' 

1 

1 

I 

3 

2,000 

1,036 

702 

1 

1,738 

1,413 

4 

2,000 

1,116 

669 

1,774 

1 

1,449 

1 

6 

6,000 

2,478 

1 702 

o 

00 

1 

3,765 

6 

Nil 

84 

266 

! 360 

1 ! 



A further experiment was carried out as follows Twenty-four-hour speci- 
mens of urines were collected, usually from 9-30 a m to 9-30 a m Frtti" ml of 
glacial acetic acid and 2 ml of toluene were placed in the bottles used for the 
collection of urine, as preservative The specimens were kept m a dark place 
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The test doses were taken at 9-30 in the morning The maxunmn dose of 
riboflavin was 10 mg The results are given in Table III — 

Table III 


Unna'iy eoxreUon of nboflaim hefoie and after test doses 
xn a ‘normal subject 


Experimental 

days 

Test dose of 
riboflavin. 

Mg 

Urunary 
excretion 
m 24 hours, 
Mg 

Increased excretion 

DDE TO THE TEST DOSE 

Mg 

Per cent 

1 

Nil 

360 



2 

Nil 

320 



3 

1,000 

1,196 

861 

86 

4 

2,000 

1,926 

1,691 

80 

6 

6,000 

4,296 

3,960 

80 

6 

10,000 

9,096 

8,734 

87 

7 

1,000 

1,388 

1,063 

106 

8 

1,000 

1,214 

879 

88 

9 

Nil 

344 




Discussion of results. 

The results given m Table I show that the normal daily p! 

riboflavin was about 320 ju,g to 350 fjjg when the intake of riboflavin from ® . 

was of the order of 1 2 mg to 1 5 mg It appears that about 25 to 30 per cen 
the mgested riboflavin was excreted But after the ingestion of test doses o 
to 10 mg , about 80 to 85 per cent of the test dose was excreted m 24 h(^s 
results are in contrast with those found in sirmlar studies with vitarmn Bj, 
acid and pyndoxm (vitamin Be) (Hams and Leong, 1936, 

1941) The urinary excretion after the mgestion of test doses of these ® 
was of the order of 6 to 12 per cent After the mgestion of 17 mg o ri o 
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ttree days, the organism seemed to he ‘ saturated as the mgestion of 1 mg of 
riboflavin on the fourth day resulted m an excretion of a little over 1 mg It 
appears likely that a ‘ saturation ’ test for the diagnosis of ‘ partial ’ deficiency 
of riboflavin occurnng m human beings, similar to that m existence for vitamin 
C, could be developed The results described in this paper correspond well with 
those reported bv Strong el al (loo cit ) and Sebrell and his co-workers (loc oil ), 
usmg the bacterial method of riboflavin assay The rapid excretion of riboflavin 
IS of importance m connection with the dosage employed for therapeutic purposes 
It may, however, be that more riboflavm wiU be retamed when it is given to 
subjects siiliermg from deficiency of this vitamin This problem is being 
investigated Other workers in the Laboratories have found that certam 
ophthalmic conditions respond immediately and dramatically to treatment 
by mjection of nboflavin, but tend to recur within a few weeks after treatment 
is discontinued and the patient returns to his usual diet 

The flu on metric method for the estimation of nboflavin m urme descnbed 
in this paper is qmte simple, with an accuracy of 10 to 15 per cent It should 
prove to be of value in studies on the metabobsm of nboflavin m human bemgs 
and experimental animals "With practice, 4 to 6 estimations can be earned out in 
a day by a single worker The method is much simpler and more specific than 
the colonmetnc method of Emmene {loc cit ) 

Summary 

A fluonmetnc method has been apphed for the estimation of nboflavin m 
unne The excretion of nboflamn m a normal subject before and after test doses 
has been detenmned The normal daily (24 hours) urmary output ranged from 
320 fug to 360 pg After the ingestion of test doses of 1 mg to 10 mg of 
nboflavm oraUy, about 80 to 85 per cent of the test dose was excreted m the 
folloiving 24 hours 
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The importance of nboflavm m the nutrition of the rat has been recognized 
for some years Rats fed on a diet deficient m this factor cease to grow (Edgar 
el al , 1937) and later develop vanous pathological lesions (Day cf ol , 1938 , 
Bessy and Wolbach, 1939 , el Sadr, 1940) In two previous commumcations 
(Swaminathan, 1942a, 19426) fiuorunetnc methods for the estimation of nboflavm 
m foodstuSs and human urme were descnbed In the present mvestigation the 
test has been used to estimate nboflavm m the unne and tissues of rats fed on 
diets containmg varymg amounts of nboflavm 

Expebtmentae 

Four groups of young rats (6 m each group) were kept mdividually in 
metabohsm cages and fed respectively on the diets shown in Table I Groups I 
and n received diet A and groups m and IV diet B Each rat in groups 11 and 
IV received m addition 60 fig of nboflavm daily mixed with the diet 

The rats received weighed amounts of the diets, given only m shght excess of 
food reqmrements, and records of food mtake were mamtamed The experiment 
lasted for a penod of 8 weeks Urme was collected daily To prevent 
decomposition of urme, 2 ml of glacial acetic acid were placed m each flask 
The metabohsm cages, funnels and separators were washed down daily with 
small quantities of water and the washmgs nuxed with the unne 

Preparation of the nee polishings concentrate — ^Rice polishings (100 g ) were 
extracted tvoce with 600 ml and 400 ml of hot N/lOO sulphunc acid. The extract 
n as adjusted to pH 6 by the addition of banum hydroxide solution Shght excess 
of basic lead acetate solution (H) was added to precipitate completely the protem 
denvatix es, colouring matter and nboflavm Basic lead acetate at pH 7 removes 
80 to 90 per cent of the nboflavm m the extract Excess of lead m the filtrate 

( 45 ) 
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Eiboplavin content op tissues 

Method of extraction — Preliminary e'cperiments showed that a hot aqueous or aqueous aoid extract 
of animal tissues contamed aU the riboflavin present in the tissue with only small amounts of mterfenng 
blue fluorescent material, and that the mterference caused by these matonals was at the most 10 per 
cent of the total value obtamed 

A weighed amount (1 g to 6 g ) of the finely minced tissue, containing from 10 /ig. to 30 /ig nbo 
flavm, was finely ground with glass powder m a porcelam mortar The pasty mass ii^as traiMened 
to a beaker with 40 ml of hot water and the mixture heated in a boding water bath for 16 minutes 
To this 0 4 ml of 10 N H.SO« was added and the heatmg contmued for another 16 mmutes Five 
ml of 26 per cent tnohloracetic acid contammg 0 4 ml of 10 N NaOH were then added, the mixture 
allowed to cool and centrifuged The clear centrifugate was separated and the residue extracted 
twice m the above manner, usmg half the quantity of the solvent and reagents The combmed centn 
fugates (amountmg to about 90 ml ) were adjusted to pH 7, filtered and made up to 100 mL The 
riboflavin m 10 ml portions of the extract was estimated directly m a fluonmeter, allowance being 
made for the * water blank ’ and for the mterference caused by adsorption of the aotivatmg and fluores- 
cent light by the colourmg matter present The recovery of nboflavm added to the same amount 
of the tissues was also determined The method of oalculatmg the nboflavm present is illustrated 
by an example given below The recovery of added nboflavm was good The values obtamed for the 
nboflavm content of tissues of rats from different groups are given m Table IV 

Example — 

1 Weight of liver taken = 2 0 g 

2 Quantity of nboflavm added to determine the recovery = 25 fig 

3 Pinal volume of the extracts = 260 ml 

Let the extracts correspondmg to 2 g hver and 2 g hver + 26 fig nboflavm be called T^ and T, 

Calculation — 


Solution tested 

Scale 

rcadmg 

Caloulation 
for correction 

1 

Corrected 

readmg 

1 

Readmg due 
to riboflavin 
m extract 

11 ml of water 

7 




Standard nboflavm 5 fig m 11 ml of water 

57 ! 

1 

67-7 

60 


Ton ml of sol T^ + 1 ml of water 

29 

29x60 
09-29 ' 

29 3 

1 

29 3 

Ten ml of sol Tg + 6 /ig of nboflavm 

00 




1 

Ten ml of sol T 2 + 1 nil of "" 

38 

38X60 
78-38 ^ 

40 6 

40 6 

Ten ml of sol Tg + 6 ug of nboflavm 

78 




29 3 

Riboflnvm m 10 ml of sol ;tg j 



! 



25 y 29 3 

Riboflavin m 250 ml of sol Tp equivalent to 2 g of liver = — = 73 3 /ig 

Riboflav in m 1 g of hver = 36 7 /xg 
Biboflavm m 1 ml of sol T 2 = fig 


26 X 40 6 1 m ^ li cf 

Biboflaim m 260 ml of sol T^ corresponding to 2 g ofliver-t-26 /ig nboflavm == — jg — =iui^/‘b 


Recovery of added nboflavm = 28 0 /ig = 112 per cent 
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Effect of different methods of extraction on the estimation of riboflavin in liver — 
Dirrmg the progress of this work, van Duyne (1941) pointed out that the extraction 
of riboflavin from tissues is incompletely achieved by the usual methods and that 
prelimmary hydrolysis with pepsm is necessary for complete extraction He stated 
that his technique could not he apphed to muscle, as the final extracts obtamed 
exhibited a strong blue fluorescence Ochoa and Rossiter (1939) found that the 
nboflavin-ademne-nucleotide present in animal tissues was easily extracted with 
hot vater SneU and Strong (1939), Mickelson et aJ (1939) and Fraser ef al 
(1940) autoclaved the finely min ced tissues, suspended m water In the present 
investigation extraction with hot dilute acid has been employed In view of the 
findings of van Duyne (loc cit ), the conditions necessary for complete extraction 
of riboflavin from tissues have been re-mvestigated Two methods were followed 
(n) the method described in this paper, apphcable only to extracts contaimng 
negligible amounts of mterfermg blue fluorescent materials and (b) the general 
procedure described before for other biological materials The results are shown 
m Table III — 


Table III 

Effect of different methods of extraction on the 
estimated riboflavin content of {rat) liver 


RiBOFIAVIN (1.0 jo 


Alothod of 
extraction * 

tA Method of 
estimation 

fB Method of 
estimation 

1 

30 7 

28 6 

2 

33 6 

28 8 

3 

335 

29 2 

4 

36 8 

29 7 

6 

458 

28 5 


* Note on methods of extraction — 

(1) Ertraotion tknoe with hot N/20 HCl and proteins precipitated -with trichloracetic acid 

after neutralizing with HCl present and the rest of proc^ure same as under (2) 

(2) The procedure described m the present paper was followed 

(3) The finely minced tissue was heated with 40 ml of N/20 HCl for 30 min utes m a boihng 

water bath, allowed to cool and moubated at OVC for 20 hours the rest of the procedure 
bemg as under (2) 

(4) The finely mmced tissue was suspended m 40 ml of N/20 HCl, 0 5 g pepsm added, heated 

for 30 minutes m a bpilmg water bath to maotivate the pepsm added, cooled and 
moubated at 37°C for 20 hours The rest of the procedure was as under (2) 

(6) The finely mmced tissue was suspended m 40 ml of N/20 HCl, heated m a water bath for 
30 mmntes and cooled. 0 5 g pepsm was then added and the mixture moubated at 
37°C for 20 hours, the rest of the procedure bemg same as under (2) 

t Note on the method of estimation — 

Method A The method described m the present paper 

Method B" The method of adsorption and decolonzation desenbed before for foodstuffs 
was apphed to the tnohloracetio acid extracts obtamed. 


J, MR 
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Fluonmetnc Assay of Rihojlmin 


Table III shows that the values obtained by the first method were in general 
10 per cent higher than those obtained by the second method when extraction 
procedures 1 to 3 were followed and that the tissue extracts contained small amounts 
of interfering fluorescent material, accounting for 10 per cent of the nboflamn values 
obtamed After hydrolysis with pepsin, the ‘ apparent ’ riboflavin value mcreased 
At the same time, the amount of mterfermg fluorescent material is mcreased, tlie 
fluorescence due to interfenng substances accounting for about 40 per cent of the 
‘ apparent ’ iiboflamn values obtained Hence it appears quite probable that the 
increase in ‘ iiboflamn ’ values observed by van Duyne after hydrolysis of the 
tissues with pepsin can be ascribed to the fluorescence due to mterfermg materials 
liberated during hydrolysis 

Riboflamn content of tissues — ^I^alues for bver, muscle and heart of the rats 
m groups I and III were lower than the corresponding values obtamed for the same 
tissues of rats m groups II and IV receimug nboflavm supplements (Table W) 
This observation, considered m conjunction with the fact that in groups I and 
III excretion exceeded intake suggests that the excess of nboflavm excreted "was 
derived from the hver, muscle, heart and possibly other tissues There uas no 
appreciable difference m the nboflarun content of the kidney m aU groups Since 
there was no difference between the llbofla^’m content of the tissues of animals in 
groups II and lY and that of the tissues of normal young stock rats, it appears that 
about bb per cent of ingested iiboflaMU is used for mnmtenance and growth 


Table TV 


3Iean nboflcmn cojU^ent of rat in'ates 
(/xg /g fresh tissue ) 


1 

Group 

nTimUer 

Diet 

Liver 

Muscle 

1 

1 

1 

1 

Heart 

Kidney 

1 

Basal nboflavm deficient diet 

14 4 

1 

1 

23 

16 4 

29 6 

n ! 

Same diet + 60 /ig riboflavin daily per rat 

29 2 

38 

26 7 

31 3 

m 

Poor lice eater’s diet 

j 

213 

27 

20 6 

32 0 

w 

Same diet + 60 /ig rlbofla^^n daily per nnimal 

33 3 

44 

26 1 

1 

367 

V 

Young rats on stock diet (\\ hole ivbent, ludk, 
pulses and vegetables) 

33 8 

42 

1 

27 3 ■ 

1 

34 8 


M Sioaminathan 


61 


Discussion 

The figures obtained for riboflavin in normal tissues are of the same order as 
those reported by Fraser et al {loc at ) and Vivanco (I'^Sb), who employed bactenal 
and fluorimetnc methods respectiaely, and slightly higher than those recorded 
by Kuhn ct al (1935) The reduction in the nboflavm content of hver, muscle 
and heart mthe annuals on the deficient diet is of the same order as that occurrmg 
in the case of vitamm Be m rats and mcotirac acid m monkeys (Swannnathan, 
1941a 19416), when a parallel experimental techmque is employed The residts 
correspond well with those of Fiaser et al (loc cit ), who earned out similar 
expenments usmg the bactenal method Recently Ochoa and Rossiter {loc 
cil) liaam studied the riboflann-ademne-dmucleotide content of the tissues of 
normal and nboflaym-deficient rats and obtamed values of the same order 
The rats kept on riboflavm-deficient diets for 8 weeks contmued to excrete 
small amounts of nboflavm m the urme , a similar observation has been made 
by Fraser et al (loc oil ) None of the animals showed any signs of nboflavm 
deficiency durmg the experimental penod 


SUMHURY 

1 Balance experiments were earned out on four groups of rats for a penod 
of 8 neeks Groups I and 11 were fed on a nboflaion-deficient basal diet suppljmg 
about 0 9 fig per rat, while groups III and IV were fed on a poor nee diet supplymg 
about 2 2 fig nboflavm daily per anunal In addition, each aiumal m groups IT 
and W received 60 fig nboflaim daily mixed with the diet 

2 In the groups fed on the unsupplemented diet, the daily excretion of 
nboflavm per rat was 1 9 fig and 2 6 fig respectivelv The rats m groups II 
and IV receivmg nboflavm supplement'’ excreted about 18 fig , i e 45 per cent 
of the ingested nboflavm 

’ The nboflavm content of the hver, muscle and heart of rats fed on the 
unsupplemented chets was lower than that of the same tissues m the rats receiving 
additional nboflavm and in stock ammals 
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[Received for publication, September 30, 1941 ] 

The small proviiice of Coorg, tvitli a population of between 160 and 170 
thousand at the 1931 Census, is situated in South India to the west of Mysore It 
IS a mountamous tract with extensive coffee plantations, jungle and forest, subject 
to a heavy annual rainfall The population is mostly employed on estates or in 
cultivatmg small plots of ground m the neighbourhood of villages Except m 
one small area, where ragi (Eleusine coracana) is grown, the only cereal cultivated 
IS nee The production of honey for sale is one of the industnes of the provmce, 
and Coorg honey is known aU over India 

Coorg IS an unhealthy area, with a high death and infant mortahty rate The 
mortahty m females aged 15 to 40 years is the highest recorded m India Malana 
and hookworm are prevalent and numerous cases of aneemia, debihty and 
malnutntion are seen in the hospitals In 1940 it was decided to undertake dietary 
investigations and propaganda work, with the object of improving the state of 
nutrition of the population The second author (MSB), formerly attached to 
the Coorg Pnbhc Health Department, attended the 1940 nutrition class in the 
Nutntion Research Laboratories, and subsequently returned to Coorg to take up 
work m this field The present paper briefly records the results of diet surveys 
in three areas and presents data about hsemoglobm levels m school children and 
pregnant women An experiment on the effect of the routme administration of 
iron on hremoglobm m school children is also desenbed 


• Field worker attached to the Nutrition Research Laboratories, Coonoor 
■f Employed under a grant from the L R, F A, 
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Diet Surveys and Hcsmoglobin Levels in Cooig 


Diet subveys 

These were carried out lu the principal town, Mercara, and in the villages of 
Kadagadal and Igodulu, situated 6 and 12 miles from Mercara respectively The 
usual methods of the Laboratories were followed (Aykroyd and Krishnan, 1937) 
Intake of various foods is shown in Table I The famdies belonged to the poorer 
classes and were typical of the majority of the population in the locahties m 
question 

Table I 


IntaLe of foods tn ounces yer consumytion umi daily 


Locality 

Mercara 

Kadagadal 

Igodulu 

Nunibei of families 

26 

25 

IS 

Duration of suncy (days) 

16 i 

16 

16 

Season 

Ottobci 

November 

December 

March 

Home pounded uco (ran and pai 
boded) 

->1 5 

22 0 

233 

Other cereals 

02 

0 7 

! 01 

1 

Pulses 

1 0 

0 s 

07 

Leafy eegetables 

02 

1 04 

06 

Other vegetables 

62 

5 1 

38 

\ egotable oil (luo'itly toco nut) 

03 

03 

05 

Ghee and buttei 

0 1 

Nil 

A»/ 

Whole milk 

28 

1 0 

20 

Pmit 

Nil 

Nil 

Nil 

Meat, fish and eggs 

1 6 

1 2 

02 

Sugar and jaggery 

1 9 

09 

09 


The diets in all three groups were of the usual type consumed by poor nee 
eaters in India and in general showed the usual quahtative defects, which have 
been fully discussed in the Memoir ‘ The Eice Problem in India ’ (Aykroyd, 
Krishnan, Passmore and Sundararajan, 1940) It is the general habit to consume 
raw or parboiled nee prepared on a foot-pounder and retaimng a high percenh^c 
of pericarp Intake of leafy vegetables is low and that of milk negligible bo 
frmt was taken 

The population of Coorg is almost entirely non-vegetanau The Coorgs enjoj 
the prmlege of bemg allowed to keep guns without permission or licence and arc 
keen hunters Wild game, mcluding boar, is an occasional article of diet lor 
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IS a popular disli and small salted fisli obtamed from nvers and ponds, eaten wbole, 
are consumed fairly regularly by the poorer classes The mtake of meat and fish 
by the Mercara fainihes iras exceptionally high for India Throughout the province 
geperaUy hovever, the consumption of flesh foods is small, m spite of the predilec- 
tion of the population for them Eggs are taken m neghgible qnantities 

State of mitnhon and deficiency diseases — School children m the distncts 
surveyed and other village areas vere observed to be in a poor state of nutrition 
Underweight was very general Thirty-eight per cent showed phrynoderma, 7 
per cent angular stomatitis and 4 per cent xerophthalmia (Bitot’s spots) 

It is of mterest to note that tropical sloughmg phagedsena, also known as 
tropical ulcer, is very common m Coorg A dozen or so cases are nearly always 
under treatment in the Mercara Civil Hospital at any given time Vanous 
workers have concluded that malnutrition plays a part m the causation of this 
condition 

Ancemia — Superficial inspection showed man\ children and adults m villages 
and plantations to be visibly aniemic Of 455 children exammed in Mercara and 
neighbouring villages 204 (44 8 per cent) had enlarged spleens In some rural 
areas the spleen rate is higher than m Mercara In Kadagadal, Cherala and 
Madapur a rate of 79 per cent was recorded 

An mvestigation of hsemoglobm levels m groups of children was undertaken 
This was followed by an experiment of the effect of the administration of iron 
tablets on haemoglobm prompted bi the desixabihty of discovering a cheap, 
feasible and immedntelv practicable method of improving the ( ondition of children 
Hfemoglobiu levels in pregnant and non-pregnant women uere also studied A 
Helhge normal hiemometer ivith square tubes was used ind tlie icsults are stated 
in grammes of Hb per cent 

Cluldreii from 5 to 12 years were iinestigated Table II shows the average 
Hb level in a number of school groups — 

Table II 

Ha'iiioijlobin in Coorq school thiklnn 


Localitr 

Xumber 

1 of chiUlrc n 

Hb 

grammes 
per cent 

Standard 

dovintion 

CocflScient 
of variation 


’ 96 

10 63 

±0 80 

7 5 

Merc im bcUool -( B 

91 

loss 

, ±0 85 

8 1 

( C 

115 

10 S7 

[ ±0 64 

65 

C Ucrili 

43 

10 04 

± 1 33 

13 3 ^ 

lvn<ia"n(la\ 

' 50 

9 81 

0 07 

6 8 

Madnpar 

1 

(Al 

\ 

9 67 

- 1 16 

12 0 
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Did Swveifs and Hcernogldbin Levels in Cooig 


The mean level AVas lower in the villages than in Mercara Average figures 
were approximately the same with the age groups 5 to 12 and no difference between 
boys and girls was observed The values were below those recorded for non 
pregnant adults m other parts of India, vide the table of normal haemoglobm levels 
given by Napier (1940) Hare (1940) gives a mean value of 9 62 for 12 children 
aged 0 to 9 belongmg to coohe families in Assam and 13 0 for 11 children in the 
same age groups drawn from the fanuhes of the Indian staff of tea-estates, i e 
famihes at a better econonuc level 

Adimmstration of iron — The tablets used were 2 6 gram (016 g ) ferrous 
sulphate tablets, obtamed from the London Mission, Neyyoor, Travancore, costing 
Es 1-8-0 per 1,000 They were reported to contain traces of manganese and 
copper In the experiment in Mercara 2 tablets daily were given and m a later 
experiment in Madapur 4 tablets With the co-operation of the teachers, there 
was no difficulty in adimmstration The control group in Madapur received 
peppermints The experiment lasted 2 months, the number of days m which non 
tablets were given bemg approximately 40 

In Mercara the experimental group consisted of 96 children m school A, while 
the controls were 91 children m school B The children m each case were of sunilar 
econormc status In Madapur the groups consisted of 22 and 23 children respec 
tively attending the same school In both experiments the various ages were 
equally represented in the two groups Determinations of Hb were carried out on 
both groups at the beginmng and end of the experimental penod The small 
differences between the mean levels in experimental and control groups at the 
begirming of the expenmental period were not statistically significant Eecords 
of height and weight and spleen enlargement were also kept Haemoglobin readings 
are given In Table III — 


Table HI 

Hcemoglobin levels bejoie and after the administraUon of non [g per cent) 


i ScIiool A. (oxpermiontnl 
group) 

School B (control) 

(■ Expennicntol group 
Madapur -j 

( Control 


<u 


& 

•T3 

a> 

bO 

3 

■a 

w 


•4^ < 

d c 

o 

M ® 

O 

© tJD 
bS E 
c« ^ 

, e -p 

c, 0 

a 


a 

o 

c3 

P 

O 

T3 


'O 

S 

CQ 




o 



c 

p 

o 

o 



dj 

03 4^ 

> 

o d 

W 1 
© c 

O 

bl3 © 

il 

d 

P 

s 

< 

OQ 


96 

32 

1 

10 63 

J 

±0 80 

11 20 

j ± 086 

1 

91 

1 

28 ' 

10 59 

±0 86 

10 4 

1 

± 0 79 

22 

IS , 

0 60 

i 

± 1 08 

10 82 

' ± 080 

23 

23 j 

9 70 

± 0 96 

9 98 j 

±0 72 


o 

to 

c 

p 

C/ 

> 

< 


+ 06 

-02 
+ 11 
+ 03 


P D Bhave an^ M S Bopaiya 


57 


The difference between the mean changes m hiemoglobm values m the 
experimental and control groups were statisticaUj significant m both cases, bemg 
more than twice the standard error of the difierence between the means 

There appeared to be some tendency for the children m the groups receiinng 
iron to put on more weight than the control groups but owmg to the small numbers 
m the various age groups satisfactory conclusions on this pomt could not be 
reached The admmistration of iron had no effect on the mcidence of vitannn- 
deficiency diseases 

Probably larger doses of iron would have had a greater effect on hiemoglobin 
levels This would however, mean mcreased expense It was argued that the 
cost of supplymg 4 tablets dailv to each child m a school of 60 children would be 
only a few rupees per month, and that this expenditure, perhaps himted to certam 
schools m which the children were particularly antemic, would probably not be 
beyond the scope of the educational department 


H^aiOGLOBEX Df PEEGNAHT WOMEN 

Records were taken of hsemoglobm levels m 160 pregnant women attendmg 
the Civil Hospital, llercara AH except 16 of these were 28 weeks pregnant or 
more and the piajonty were approaching, or at, full term The cases were con- 
secutive and not selected for anffiima The great majority attended hospital for 
dehvery or for advice about pregnancy, and not to seek treatment for anserma It 
is, however, probable that women with severe aneemia come to hospital for child- 
birth more readily than healthy women, so that the group mvestigated may not 
be qmte typical of pregnant women m general m the provmce 

The hffimoglobm of a control group of 38 apparently healthy non-pregnant 
women was also detemnned In both groups the majority belonged to the coohe 
or poor agncultunst classes The results were as follows — 



Xumber 

Hb, 

grammes 
per cent 

Standard 

deviation 

Coefficient 
of variation 

Pregnant women 

150 

S 1C 

±2 58 

31 6 

Non pregnant women 

3S 

1013 

±0 93 

9 13 


The differences m the mean levels are statistically significant 

Some degrees of anienua is apparently physiological Xapier {loc cit ) suggests 
that a figure belov 7 7 g per cent may be regarded as indicatmg aneenna m 
pregnant women of the coohe class This is 27 per cent below the usual average 
of 10 5 g per cent for wonierr of this class and allows for physiological anamua 
and indindunl variation Of the 150 pregnant cases 52, or 35 3 per cent gave a 
hremoglobin figure below 7 7 In 15 per cent the Hb content of the blood was 
below 5 g per cent 
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Cases of anEeroia were distnljuted according to parity as follows — 



NumT^er of 
cases 

Per cent 

1 anrcmic 

Pnmiparre 

34 

! 14 7 

II para 

33 

48 6 

in para 

19 

62 6 

IV para 

34 

41 2 

V to VI para ' 

30 

2C G 


The percentage of cases of severe anaemia was thus smaller among pnnupara 
than mnltiparas Here again, however, the distribution of anaemia according to 
parity in the hospital group maj'’ not correspond vnth that existing m the population 
in general For example, healthy primiparae may be more anxious to be dehvered 
in hospital than healthy multipart 


Discussion 

Malaria, hookworm and malnutrition combme to make Coorg province an 
unhealthy area The condition of the population as regards ancemia appears to 
resemble closely that existing in Assam, where detailed mvestigations have been 
carried out by Napier and his coUeagues, and others Probably the same picture 
will be observed in any tropical or sub-tropical plantation area in which hlood- 
destroying diseases are prevalent and the diet deficient 

It IS of mterest to compare Coorg with the Ndgin plateau, where there is n 
large coohe population employed on tea-estates Malana and hookworm are for 
practical purposes non-endemic m the latter area The type of diet consumed 
by tea-plantation workers m the Nilgins has been described b} Krishnaii (1939) 
Comparison of the data given by him with the results of the diet surveys recorded 
in the present paper shows that the Nilgin diet is actually rather more deficient 
than the Coorg diet Annemia of pregnancy is, however, raie in the Nilgins 
(Radhaknshna Rao, 1938) This suggests that poor rice diets normally contain 
sufficient hmmopoietic substances to prevent seiious aniemia and that othei factor 
are necessary to produce annemia of pregnancy on a wide scale as a forundaDie 
piibhc health problem It may be that poor rice diets contain just enough non 
for maintaimng the Hb content of the blood at a reasonable level under norma 
conditions, but that there is no margm of safety to meet mcreased requrremcn s 
caused by loss and destruction of red blood corpuscles 

The distribution of iron tablets in an area bko' Coorg, while it may have some 
good temporary effect, is essentially a makeshift What is required is a genera 
effort to raise standards of health, and especially campaigns against malana, 
hookworm and malnutrition 
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Summary 

1 Diet surveys have been earned out m three areas m Coorg pro\uuce 
The diets showed the usual defects of poor nee diets 

2 Hsemoglobin levels lu vanous groups of school children were investigated 
Average ^ allies ranged from 9 67 j; 1 16 to 10 87 ± 0 64 The regular admmistra- 
tion of ferrous sulphate tablets increased the hsemoglobm content of the blood 

3 The average Hb level in a group of 150 pregnant women was 8 16 ± 2 68 
Hiemoglobm values were beloii 7 7 per cent m 36 3 per cent of this group The 
average Hb figure for non-pregnant women was 10 13 n: 0 93 
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India produces 9 to 10 million tons of wheat per annum of whicli 8 to million 
tons are consumed in the country Wheat is the staple gram of North and North- 
West India and m the country as a whole comes nest to nee m estent of cultivation 
Until recently there were no roller rmlls m India and the wheat was converted mto 
flour (‘ atta ’) by hand- or power-dnven grmdmg stones and consumed as whole-meal 
flour This is stdl the general practice m rural areas Roller mills have, however, 
now been mtroduced and produce different flour products The ‘ atta ’ (which 
once meant whole-wheat flour) turned out by such nulls contains vanable amounts 
of germ and bran and thus vanes m nutntive value Quenes are frequently received 
m the Laboratories about the vitamin content of different kmds of wheat flour — 
su]i, rawa, atta No 1, etc — sold m the market It was found that no defimte 
information was available on this question and the present mvestigation was 
undertaken to piovide it The vitanun Bj and mcotmic acid content of different 
products have been determmed Both these important food factors are found in 
greater concentration m the germ and bran than in the endosperm, and the amounts 
present provide a smtable mdex of nutritive value 


Processing of wheat 

(1) In stone nnlhng the whole gram is simply ground between two stones 
rotated bv Iniid or bv mechanized power The coarser bran particles are sieved 
out before use 


( bl ) 
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(2) Boiler mills — ^Here the grams are crushed between several parrs of grooved 
steel or chilled iron rollers, which are operated by steam or electric power Baci 
succepoive pair of rollers is set closer than the preceding one The grain is gradiinlly 
disintegrated and jnilvenzed and the endosperm separated from the bran After 
each ‘break’, le passage through a pair of rollers, the crushed grams aresieied 
through meshes of different grades and refined white flour (inaida) and semolina 
(suji and rawa) are removed Most flour from roller nulls as sold on the niarlet 
IS a mixture of inaida, suji, rawa and bran, and different types contain different 
]iroportions of these fractious It is common to use the terms atta No 1, 1^, 

2 and 3, these flouis being prepared by the admixture of increasing quantities of 
coarse bian with the othei grades of flour and being sold at decreasing prices 
Flouis from different mills with a similar grade mailc, e g atta No 2, may not be 
precisely similar products The Eeport on the Marketing of Mflieat m India 
(1937) points out that the trend of prices for the various products is fairlj 
uniform in different centres, so that in general grade marks convey an idea 
of the nature of the flour There aie, liovever, many individual exceptions 
These tjqies of flour are cheaper than whiter grades of flour and are much used 
by the poorer classes 

Accordmg to the Report quoted above, there were, in 1937, 80 roller mills m 
Incha It IS stated that the wheat reqmrements of these is approximately one 
miUion tons per annum and that of this two-fifths are converted mto maida (refined 
flour) The total output of ‘ maida ’ is thus about 400,000 tons per annum 

Results 

Samples of different wheat products were obtamed from a large modern roller 
mill m North India All these were from the same origmal batch of wheat 
Samples were also prepared in the Laboratories from the same original sample of 
wheat by grindmg in a hand stone-miU and an iron gnnder worked by electricity 
Vitamin Bj was determmed by the thiochrome method (Aykroyd, Krislman, 
Passmore and Sundararajan, 1940) Nicotinic acid was estimated by the cyanogen 
bromide-amhne method (Swammathan, 1938) The results are shown m the Table 
Values for some other cereals are inserted for purposes of comparison 


Discussion 

The Table shows that most of the wheat products sold m India are fairly rich 
in vitamm Bj and nicotimc acid The practice of grmdmg in stone-miUs, followen 
in villages and small towns, causes httle loss of these vitamms The coarser grades 
of flour sold by roUer mills, which cater for the needs of big cities and the surround 
mg areas, are somewhat richer m vitamm Bi and mcotimc acid than whole 
wheat, presumably because they contam a greater proportion of germ and bran 
It. remains the general habit m India to consume wheat m the forni o 
unleavened cakes (chapatties) made from wheat flour which is ‘whole or 
nearly so 
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Table 

Vtlannn Bi nnd mcolimc aad contoii of vheai products and other cereals 


(iliCTOgrams per gramme ) 


IVlieit product | 

1 

Vitnmin 1 

Xicotinic 

acid. 

1 

) 

Other cereals 

1 itnrmn B, 

Xicotinio 

acid 

1 

Whole vrhe-rt j 

j 

4 0 

4S0 

\\ hole nee 

2 9 

45 0 

(white flour) j 
1 

1 2 

13 0 

i Hand pounded mu net 

24 

24 0 

1 

Su]i (semoltnn) ] 

1 5 

10 0 

llillcd mu- net 

1 0 

i 10 0 

Rwn ( , ) 

1 3 

ISO 

Milled parboiled nco 

2 2 

38 0 

Attn Xo 1 

1 

i 4-0 

40 0 

Bngi [Ekimne rorncono) 

4 2 

14 0 

Attn Xo IJ 

')0 

1 

riiolain {Penntselum 
It/phoideum) 

3 

15 0 

Alta No i 

bO ] 

1 65 0 



1 

1 

Ground tvhole wheat 
fiom electrically 
driven steel grinder 

4 1 

48 0 


I • 

i 

1 

j 

1 

Whole -svheat (ground 
by hand in stone 
grinder) 

' 42 

1 

1 

60 0 


i 

I 

i 


Tlie ‘ superior ’ types of flour, rvhiter in appearance and less nutritive, are 
usually consumed by vell-to-do Inckans, as also by the European and Anglo- 
Indian commumties In large cities -white bread is made from refined flour and 
its populanty among Indians appears to be on the mcrease From the standpomt 
of nutation, it is highly desirable that the ancient habit of eating -wheat as 
whole-wheat ‘ chapatties ’ should not give ground m favour of a preference for 
white bread 

Those who prefer bread should eat ‘ whole meal ’ rather than white bread 
This is of considerable importance m the case of the Anglo-Indian community, 
many members of i\ hich consume what may be desenbed as a ‘ poor European 
diet deficient in ‘ protective ' foods 

Even the most refined grades of white flour produced m India are probably 
somewhat ncher m vitanun Bj than certain types of ‘ patent ’ white flour prepared 
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and sold in Europe and America Williams and Spies (1938) give a ‘ preferred 
value ’ of 0 6 rmcrograms of Autamin per gramme for ‘ patent ’ flour, whidi 
IS less than half that determined for ‘ maida ’ in the present investigation 

Summahy 

The vitamin Bi and nicotinic acid content of vanous grades of vheat flour 
manufactured and sold in India has been determined Most of the common grades 
available on the market v'ere found to be good sources of these constibients 
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Part VI 

THE BED CELL DIAMETER EST HEALTHY EUROPEANS AND 

INDIANS 

BY 

V RADHAKEISHNA RAO, 
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il NAEASBtHA RAO 

{Nntntion Research Laboratories, I R F A , Coonoor, S India ) 

[Received for publication, September 30, 1941 ] 

Ik a communication from these Laboratories, Sankaran and Radhaknshna Rao 
(1938) described a relatively simple and rapid method of determining red blood cell 
diameters This is a modification of the method descnbed by Hynes and Martm 
(1936) m vhich blood films are projected on a screen and the images of the corpuscles 
measured ivith a graduated celluloid protractor The mean red cell diameter 
detemuned by this method for normal South Indians, male and female, vas 6 86/i, 
ivith a range of 6 27fi to 7 38;i Napier, Sankaran, Sivaroop and Narasimha Rao 
(1939), using the same techmque, obtamed a higher figure (mean 7 288/x , range 

6 644/i to 7 932/i) for healthy male Bengalee Indians The South Indian average 
is also lower than the figure for Europeans given by Pnce-Jones (1933) (mean 

7 202/t , range 6 661fi to 7 492/i) No satisfactory explanation of this difference 
could be suggested and further v ork on the problem has been undertaken. The 
mean r b c diameter m British soldiers stationed in the Ndgm hdls and m South 
Indians hvmg on the plams has been studied 

Method 

This IS essentially the same as that described by Sankaran and Radhaknshna 
Rao {loc cit ) These workers used a Spencer’s nucroscope with an oil-immersion 
objective 95, tube lengfh 160 mm and a Zeiss eye-piece K 20 X (compensating 
eye-piece) This combmataon of lenses was used m conjunction with the Bausch 

J, im ( 65 ) 
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and Lomb enscope for pro]ectmg blood films on a ground-glass screen, giving a 
magnification of about 2 000 A description of tbe apparatus used, the preparation 
of tbe celluloid protractor and tbe tecbmque of measuring tbe red blood cells, vas 
given in tbe previous paper As a rule, corpuscles m tbe centre of tbe field are 
measured, leaving out those at tbe periphery of the ground-glass screen This 
procedure was adopted not only to eliminate spbencal aberration, but also to facili 
tate the mampulation of tbe celluloid protractor In tbe present mvestigation, 
tbe celluloid protractor Was graduated to measure to tbe nearest 0 25^ 

• 

Subjects investigated 

A group of British soldiers, between 18 and 26 years of age, stationed m 
Welbngton (6,000 feet above sea-level) for over a year, was studied All vere 
healthy and active young men bvmg under good conditions Tbe second group 
consisted of 26 mdividuals both male and female, belongmg to tbe stafi of tie 
District Headquarters Hospital, Coimbatore (about 1,360 feet above sea-level) 
All were healthy South Indians who bad never visited the lulls, with no history of 
dysentery, malaria, kala-azar or other chrome infections Most of them vere 
nurses, midwives and nursmg orderbes m tbe hospital 

Smears were taken from tbe blood obtamed by pnekmg tbe finger All samples 
were collected in tbe forenoon In tbe Coimbatore senes, tbe bsemoglobm content 
of tbe blood was also estimated (by tbe Helbge beemometer) to ensure that the 
persons were not anaemic Tbe smears were stained with Leisbman stam and then 
counter-stamed with 1 per cent aqueous eosm 


Eesults 

Tbe results are given m Tables I and H — 


Table I 

Red blood cell diamele) in Europeans on the Nilgins 


Serial 1 
number 

R b 0 mean 
diameter 

(M m m) 

1 

Standard 

deviation 

(O' in m) 

Coefficient of 
variation 

1 


0 405 

6 617 

2 


0 388 

6 343 

3 ! 
1 


0 410 

5 GGS 


Mean diameter of r b o =7 136yu 

Range of value nf mean diameter = 6 840/i. to 7 399m 
Standard deviation = 0 130 m ' 

Coefficient of Vanation = 1 817 per cent. 
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Table I — concld 


Senal 

number 

R b c mean 
' diameter 
' (M m /i) 

1 

I 

Standard 

deviation 

1 in 

CoefBoient of 
variation 

4 

1 

i 

1 

' 1 

7 346 1 

0 435 

6 916 

6 

7 399 

' 0 402 

6 433 

6 

7 260 

0 387 

6 324 

7 

7 277 

0 416 

6 721 

8 

7 130 

0 408 

6 694 

9 

7 236 

0 363 

6 021 

10 

7 100 

0 380 

6 360 

11 

7143 

1 0 424 

6 929 

12 

7 119 

( 

1 0 388 

6443 

13 

1 7 144 

0 354 

4 956 

14 

1 7 056 

0 374 

6 300 

16 

7*006 

1 

1 0 402 

6 738 

16 

7 127 

' 0 386 

6 396 

17 

7 269 

1 0 403 

6 644 

18 

7-024 

' 0 363 

6-026 

19 

7 110 

' 0 406 

6 710 

20 

6 840 

0 394 

6 760 

21 

7-041 

0 392 

5 568 

22 

7-027 

1 0360 

4 974 

23 

7-098 

0 413 

6 812 

24 

6 886 

' 0 323 

4-746 

26 

7*057 

1 

0 370 

1 

1 

6 244 


Mean diameter of r b c =7 136;i 

Eange of value of mean diameter = 6 840;i to 7 399;i. 
Standard deviation = 0‘130>i 

CoefiBcient of variation = 1 817 per cent. 
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Table IT 


Red blood cell diameter in Indian subjects in Coimbatore 


Serial 

number 

Sev 

Hcemoglobm 
m grammes 
per 100 0 0 
blood 

1 

Rbc 
mean 
diameter 
(M in /i) 

Standard 
deviation 
( 0 - in /a) 

CoefBoient 
of vanation 

1 

1 JTale 

1 

17 1 

6 956 

0 434 

6 239 

2 

‘ »* 

18 7 

7 036 1 

0 319 

4 634 

3 

i 

1 

16 7 

7 146 

0 422 

6 905 

4 

»» 

15 7 

0 980 

0 420 

1 0 014 

1 

6 

1 •* ^ 

1 

1 16 4 

7 012 

1 

0 421 

6 001 

C 

1 

1 

i ’’ 

16 3 

7 244 

0 386 

6 312 

7 

1 

1 ” 

17 0 

7 178 

1 

0 387 ‘ 

6 387 

8 

ft 

16 4 

6 860 

0 374 

6 462 

9 

1 

f f 

104 

1 

7 263 

0 400 

6 601 

10 

»» 

15 4 

7 086 

0 374 

6 273 

11 

f f 

1 

13 8 

7 037 

0 376 

6 336 

12 

1 , 

14 0 

7 056 

0 410 

6 816 

13 

Tf 

17 6 

7 063 

0 420 

6 963 

14 

Female 

13 3 

7 188 

0 447 

6 216 

15 

If 

14 7 

7 436 

0 417 

6 610 


Mean diameter of r b c 
Range of value of mean diameter 
Standard deviation 
CoefBoient of vanation 


= 7 079/1 

= 6 781/1 to 7 436/1 
= 0139/1 
= 1 967 per cent 
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Table II — condd 


Serial 

number 

Sex 

Htemoglobm 
in grammes 
per 100 0 0 . 
blood 

R b 0 
mean ' 

diameter 
(M m ft) 

1 Standard 
deviation 
( 0 - m ft) 

Coefficient 
of vanation 

16 

Female | 

1 1 
13 6 1 

1 

6 927 

; 0 286 

4132 

17 

” 

13 3 

i 

7 062 

1 0 306 

4 330 

18 

i 

12 6 1 

7 062 

0 336 

j 4 760 

1 

19 

>) 

13 7 

7 142 

1 0 380 

6 327 

1 

20 


13 6 

7 257 

0 342 

4 713 

21 


1 13 6 

7 062 

1 

0 396 

6 602 

22 

1 

’ tt 

' 12 5 

1 

1 

1 6 781 

0 331 

4 884 

23 

tt 

1 17 1 

6 930 

0 362 

6 222 

24 


1 

14 0 

7 082 

0 366 

! 

6 032 

25 

> 

' 16 1 

1 

1 

1 

7 156 

0 339 

4 741 

1 


Mean diameter of r b o = 7 07Bfi 

Range of value of mean diameter = 6 781 ai to 7 435yti 

Standard deviation = 0 139^i 

Coefficient of variation = 1 967 per cent 

The average red blood cell diameter m group I (British soldiers) was 
found to be 7 135/i with a range of 6 840/r to 7 399/x In group n (Coimbatore 
South Indians) the mean red cell diameter was 7 079p. with a range of 6 781/r 
to 7 435fi The statistical data obtamed in this mvestigation together with 
values given by Pnce-Jones (loc cit ) and Napier et dl (1939, 1941) are shown 
in Table HI 

The mean red cell diameter of British soldiers was Ion er than the figure given 
by Pnce-Jones (loc cit ) for Europeans This difference m the mean diameter 
(0 067p) IS statistically just significant, bemg more than twice (0 062), bnt less than 
thrice, the standard error of the difference between the two means 


Table III 
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Napier, Sen Gnpta and Chandra 25 j Mainly Bengalees 7 3438 7 760 6 937 0 1328 1 81 

Sekar (1941) i (normal Indians) 



M V BaiJiaLnshm Bao and M Narasimlia Rao. 


71 


In gronp II the mean diameter vras higher than that recorded by Sankaran 
and Eadhaknshna Eao (Zoc cit ) for South Indians hvmg m the Nflgm hills It is, 
hoivever, lovrer than that given by Napier and his co-workers (1939) for Bengalee 
Indians In both instances, the differences m the mean diameters are statistically 
significant In the former, the difference m the mean diameter (0 229/x) is 3 663 
tunes the standard error of the difference between the two means (0 06262) In 
the latter, the difference m the mean diameter (0 209^) is 4 3 tunes the standard 
error of the difference between the two means (0 0486) 

Discussion 

The advantages of the method were pomted ont m the onginal commumcation 
(Sankaran and Eadhaknshna Eao, loc cit ) Some details of the techmque were 
omitted from this paper, smce the authors were closely foUowmg Hynes and 
Martin’s ongmal techmque In a recent commumcation Napier et al (1941) have 
cnticized the method on the ground that high magnifications (of the order of 4,200) 
are not suitable for measunng red cell diameters, owing to the sphencal aberration 
thereby produced A magnification of this order has not, however, been used m 
the method followed m the Laboratones With the apparatus employed, and 
at the magnification mentioned above, sphencal aberration is not a senous 
mterfenng factor The standard deviation and the coefficient of vanation of the 
values given by Sankaran and Eadhaknshna Eao are of the same order as those 
recorded by Napier et al (1941), usmg a similar magnification 

The Indian subjects previously mvestigated m the Nilgins (mean diameter 
6 860/i) and the Coimbatore group (mean diameter 7 079/x) were aU healthy South 
Indians hving under similar conditions as regards activity and diet The only 
obvious environmental difference between the two groups is the altitude at which 
they were hvmg It is therefore possible that altitude may have some influence 
on red cell diameter The fact that the observed values for Bntish soldiers m 
Welhngton were lower than those given by Pnce-Jones (loc cit ) lends support to 
this view Very httle is, however, known about the effect of altitude on the red 
cell diameter The only reference to this question found m the hterature available 
in Coonoor is m a paper by Gulland and Goodall (1914) These authors, refemng 
to the average size of the red corpuscles, remark that ‘ the size shows very httle 
variation m health The average size, however, is considerably reduced m the 
case of the inhabitants of high altitudes ’ No other explanation appears 
to account satisfactorily for the differences observed The same apparatus and 
techmque have been used throughout the mvestigations. 


SUMMABY 

1 The mean red cell diameter of a group of healthy Bntish soldiers stationed 
m Welhngton (6,000 feet above sea-level) and a group of healthy Indians hvmg 
m Coimbatore (about 1,350 feet above sea-level), South India, were mvestigated 
by Hjmes and Martm’s method (1936), as modified by Sankaran and Eadba- 
krishna Eao (loc cit ) 
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2 The mean diameter of the first group was 7 136/x with a range of 6 840/i 
to 7 399/x The correspondmg figures m the second group were mean 7 079(i, 
and range 6 781/j, to 7 435/n These figures are compared with those obtamed by 
other workers 

3 It IS suggested that altitude may have some influence on the red 
cell diameter. 
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Part III. 


THE EFFECT OF PAECHESTG ON THE BIOLOGICAL VALUE OF THE 
PEOTEINS OF SOME CEEEALS AND PULSES 


BY 

B N ACHAEYA, 

S P NTYOGI, 

AND 

Y N PATWABDHAN 

{An Inquiry under the Indian Research Fund Association ) 

{From the Department of Physiology, Seth Gordhandas Sunderdas Medical 

College, Parel, Bombay ) 

[Received for publication, August 6, 1941 ] 

In 1917 Osbome and Mendel made the observation that the commercial soya 
bean cake ivhich had been subjected to high temperatures durmg the process of 
expressmg the od promoted better groirth m rats than did the ran" soya bean They 
also noticed an mcreased food consumption on the diet containmg the former 
mgredient The authors suggested therefore that the higher nutritive value of 
sova bean cakes nas due to this factor Hayward, Steenbock and Bohstedt (1936) 
re-mvestigated the question utiinang the cakes obtamed at different temperatures 
durmg the processmg of soya bean They found that the soya bean moistened 
and pressed between 140°C and 150°C gave a cake possessmg a higher nutntive 
value than the one pressed at lower temperatures The exposure of the beans to 
the high temperatures was for the short penod of only 2 5 minutes or less The 
bean subjected to dry heat at 136°C for IJ hours did not mcrease its nutritive 

( 73 ") 
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value, on the contrary this procedure decreased it They further concluded horn 
the metahohc studies that the high nutritive value of soya bean was not due to 
increased food intake but was due to a better utibzation of the soya bean piotem 
The biological values and digestibdity coefficients of high temperature soya beae 
cake and the raw soya bean were 51 against 41 and 87 agamst 85 

These mvestigations therefore suggested that heatmg the air-dned gram (bean) 
did probably improve its nutntive value through an improvement m the biological 
value of its protems This observation if corffirmed would be of great importance 
to India, for, in several parts of this country, a vanety of pulses and cereals aie 
submitted to more or less common methods of roastmg or parchmg pnor to con 
sumption Apart from the fact that roastmg the pulse or cereal obviates tbe 
necessity for cookmg, the justihcation of this extensive practice might be sought 
not only in the improved palatability but probably (accorchng to the popular 
bebef) also m the improved nutntive value of the matenal thus treated It 
was necessary, therefore, to put this bebef to the experimental test Hence, the 
investigation on the results of parching was undertaken 


Experimental 

Melliods of 'parching — ^The cereals and pulses were bought locally and parched 
by a professional according to the methods co mm on to several parts of India The 
actual process is somewhat primitive and uncontrolled and may be described as 
follows The cereal or pulse to be parched is sprinkled with a httle water or mtb 
a solution of common salt m water to give saltish taste after parchmg (irbch 
improves the palatabdity) The cereal or the pulse thus treated is mixed intb 
about four times its own volume of pre-heated sand contained m the frymg pan 
kept on an open fire, the temperature of the sand bemg about 235'’C to 240T 
The cereal or the pulse is then allowed to be parched (or roasted) by rapid minDg 
m the frymg pan by means of a ladle Tlie temperature of tbe mixture at which 
the parchmg took place was between 132°C and 136°C The mitial temperature 
of the substance to be parched was somewhere between 26°C and 29°C depending 
upon the atmospheric temperature The rise of temperature of the cereal or the 
pulse from its mitial temperature to 132°C to 136“C took place withm 2 to 3 
mmutes The parched material was then separated from the sand by sieving 

In the case of nee, four parched products are generally obtamed accordmg to 
the previous treatment of it They are as follows (1) ‘ Lain ’ (paddy bloomed ) 
paddy is parched directly hke any other pulse or cereal as described above 
then de-hnUed Tbe final product obtamed is white and bloomed (2) 
(beaten rice) paddy is steeped in water at a temperature of about 60°C to 7U 
and IS kept overmght m contact with water dimng which time it is allowed to coo 
The water is then dramed off , a small quantity of about one lb of paddy a a 


♦The product obtamed by this prooees differs m appearance from the j^duot o ^ 
process (4) The latter resembles a veaole and is desonbed as ‘ puffed ’ nee \Yhen pa } 
parched the nee gram not only swells up but also opens out to a oertam extent 
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time IS put in a frymg pan, dned b} beating tbe paddy tdl it just begins to crack 
and tben beaten m a mortar vrbile bot by means of a wooden pestle (3) ‘ Murmura ’ 
(‘ pobe ’ parched) in tbis case tbe beaten rice obtamed m (2) above is fried in 
a frymg pan tiU it blooms (4) ‘ Kurmura ’ paddy is boiled m water, dried 
and de-buUed Tbe gram is tben parched bke any other cereal or pulse tdl it 
blooms 


The diets 

(a) Narogen-free diet — A diet which contamed practically no mtrogen was 
prepared by usmg starch made mtrogen free by repeated extractions with dilute 
hydrochloric acid, salt mixture prepared according to Osborne and Mendel (1919), 
cod-hver od and sugar It was not possible to prepare the diet absolutely free 
from mtrogen The range of variation of mtrogen content m the nitrogen-free 
diet was from 0 021 to 0 050 per cent 

(b) Experimental diets — The experimental diets were prepared by addmg 
the necessary mgredients m the desired proportions as shown m Table I Experi- 
ments were earned out on a 6 per cent level of protem mtake In aU these 
experiments mtrogen was estimated by Kjeldahl’s method 

The technique 

The techmque employed was similar to that used bv Chick et al (1935a, 19366), 
Martm and Robison (1922) and Mitchell (1924) This is desenbed bnefly below — 

A group of SIX rats (3 males and 3 females) was used Before the first test 
diet was given the rats received the mtrogen-free diet for seven days The first 
three days of each period was regarded as preparatory, aUowmg the rats to 
accommodate themselves to the new diets The collection of urme and feces was 
confined to the remaimng four days of each penod The rats were given rest for 
four days after each experimental penod with the mtrogen-free diet as well as with 
the test diets Durmg the rest penod they received the stock diet 

Formula used — The formulffi used by Chick and her co-workers, which have 
been adopted here, are as follows — 

The relative biological value (B V ) of a protem (P) is expressed as — 

100 X Body y saved _ IQO [ 1 — 1 

^ Body N absorbed — 1 J 

MTiere Ip, Up and Fp are the daily X mtake, urmary mtrogen and fsecal 
mtrogen respectively on a diet contammg protem and L’e and Fe are the daily 
endogenous N excreted m urme and feces respectively on a mtrogen-free diet 
Fp — Fo represents the mtrogen m the fseces derived from undigested food protem 
and Ip — (Fp — Fe) the true mtrogen mtake on a diet contammg protem The 
relative digestibihty coefficient (D C ) of a given protem P is expressed as — 


Composition of diets used {unparched and patched cereals and pulses) 

Each diet contained 3 grammes of cod-lwer ml, 8 gtammes of sesame o^il and 4 grammes of salt mixture 

Other quantities in g are shown in the table 
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Discussion 

In Table II are gnen the biological values and the digestibihty coeffi- 
cients of imparched and parched foodstuffs vhich include five pulses, viz 
Bengal gram (‘ chana ’), dried peas (‘ vatana ’), black gram (‘ urd ’), green gram 
(‘ mung ’) and horse gram (‘ kulthi ’), and four cereals, viz ‘ par ’, ‘ ragi ’, maize 
and nee It can be seen from Table 11, column 9, that the biological value 
of the proteins of Bengal gram on 10 per cent level of protem mtake is less than 
that on 6 per cent level ISliyogi, Karayana and Desai (1931a, 19316, 1932) have 
also observed that the biological value decreases with an mcrease m the level of 
the protem mtake All the erpenments reported here have been done only at the 
5 per cent level of protem mtake 

Three groups of mvestigators, ^^z Niyogi and collaborators (Zoc cit ) at 
Bombay, Swammathan (1937) at Coonoor and Basu with co-workers (1936a, 19366, 
1937) at Dacca, have mvestigated biological values of the proteins of imparched 
cereals and pulses The results reporterl by them agree very well with those found 
m the course of this mvestigatiom 

It would appear from Table II that the biological values show an improve- 
ment on parchmg This effect is not uniform, however , on subjectmg the results 
to statistical analysis it was found that the difference between the biological 
values of unparched and parched grams was significant only m the cases of green 
gram, horse gram, field pea among the pulses, and ‘ ragi ’ and ‘ ]uar ’ among 
the cereals Of all the varieties of parched nee only the parboiled and parched 
1 anety (‘ kurmura ’) showed a significant mcrease over the raw mdled nee 
Unless some more information is obtamed as to the reason for the observed mcrease 
of the biological value of protems on parchmg the gram, it would be difficult to 
give an adequate explanation for the lack of uniformily m results mentioned 
above 

In cases vhere the B V has shomi a sigmficant mcrease on parchmg the 
digestibihty coefficient did not necessarily show a parallel mcrease On the other 
hand m some cases a shght decrease was observed The pomt will be clear on 
referrmg to the case of green gram, the B V and the digestibihty coefficient of 
which before and after parchmg are 60 and 70, and 86 9 and 85 20 respectively 


SUMlIARY 

The biological i alues of the protems of some unparched and parched cereals 
and pulses have been imestigated by the balance sheet method usmg albmo rats 
as experimental animals All these experiments were performed on a 5 per cent 
level of protem mtake 

It was found that parchmg (a) mcreased the biological value of the protems 
of green gram, horse gram, field pea, ‘ juar ’, ‘ ragi ’ and parboded nee and (6) m 
many cases improved the digestibihty coefficient 



80 


Balanced Diets 


Acknowledgment 

. Tlie authors have great pleasure m thanlaug Dr Jivxa} hlehta, tbeDean, 
Seth G S Medical College, Bomba y, for his keen mterest and encouragement 


REFERENCES 


Basti, Natu and Ghaot (1930(t) 

Idem (1936i») 

Bastj, Nath and Mokhebjee (1937) 
CmcK, HuTOHrasoE and Jaoksov 
{1935n) 

Chick, Boas-Fdtsen HtfTOirtNsox 
and jAtJKSOE (1935t) 

Hawvabd, Steekbook and Bohstfdt 
u930) 

Mahtix and Robisok (1922) 
illTOHEEI, (1924) 

Nitogi, Narayana and Desai (1931a) 
Idem ' (1931b) 

Idem (1932) 

OsBORKE and Mfedel (1917) 

Idem (1919) 

SWAMIKATHAK (1937) 


hid Jour Med lies, 23, p 789 

Ibid , 23, p 811 

Ibid, 24, p 1001 

Biocbem Jour , 29, p 1702 

Ibid, 29, p 1712 

Tour iV7//r,11,p 219 

jBioc^em Jour , 16, p 407 
Jour Biol Chem , 58, p 905 
lud Jour Med Bes , 18, p 1217 

Ihd, 19, p 476 

Ibid, 19, p 1041 

Jour Biol Chem , 32, p 369 
Ibid, 37, p 659 
lud Jour Med Bee , 24, p 707 



hid Juvr Med Ret., 30, 1, Januan, 1942 


STUDIES IN CALCIUM AND PHOSPHORUS METABOLIS:\r 

Part V 
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OF CALCIUM FBOM THE INTESTINE EXPEPJMENTS 
AVITH ALBINO RATS 
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College, Parel, Bombay ) 
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Rachitic infants arc found to retain insufficient amounts of calcium and 
occasionally to lie in negative calcium and phosphorus balance (Schabid 190^1 , 
Birk and Orgler 1910 , both quoted by Hess, 1930 , Telfer 1922) The adminis- 
tration of sufficient amounts of cod-hver od changes the negative balance to a 
positive one This is achieved by a reduction of the feecal calcium subsequent to 
the admimstration of vitainin D (Telfer 1926) The net result is to make it appear 
that ntanun D increases the absorjition of calcium and/or phosphorus from 
the intestine Similar conclusions vere reached by AA'’atehorn (1930) Kern 
Montgomery and Still (1931) , Harris and Innes (1931) and others in studies on 
experimental rickets 

The majority of these studies were earned out, howeier by the balance 
methods The mam difficulty in such types of mi estigations lies in the fact 
that it IS not possible to eialuate separately the calcium absorbed and that 
excreted in the intestmes since the channel of excretion and absorption happens 
to be the same in this cose Any lanation, therefore m the amount of calcium 
absorbed or excreted will affect the level of isecal calcium without indicating 
which of the two opposing processes was the determimng factor In the deve- 
lopment of the techmque of the isolated loop in situ bv Yer 2 ir (1936) lay a 
j, MR ( 81 ) 6 
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probable solution to tbe problem Its use by Nicolaysen (1937) m studying 
the absorption of calcium m the normal and rachitic rats led him to support tie 
current views about \ataimn D action, for he observed that in rachitic rats tie 
amount of calcium absorbed from the loops in a given time was less than tiat 
absorbed from the loops of the rats protected from nckets by vitamin D 
Although Nicolaysen’s work has yielded results in umformity with the current 
views the evidence to the contrary cannot be hghtly discarded In 1926 Bergeun 
used an mgemous method for stud^nng the absorption of calcium He introduced 
an insoluble material, such as ferric oxide, together with calcium salts, and 
then determined the ratio of Fe to Ca at different levels of the small intestine 
He observed that the deficiency of vitamin D did not adversely affect tie 
absorption of calcium Taylor and Weld (1932) have also provided experimental 
evidence to show that mtamin D does not influence the absorption of calcium from 
the intestine 

Further, a closer study of Nicolaysen’s paper revealed certain flaws m iis 
expeiimental methods which rendered it necessary to re-investigate this important 
question more thoroughly than it had been done hitherto The techmque chosen 
for this purpose was the same as was used by Nicolaysen but with certain 
modifications 


Experimental 

Techmque — The rats chosen for experiment were starved for 18 to 20 hours 
before they were used The isolation of the loop was performed under ether 
narcosis The accurate measurement of the length of the loop xn sxtu was very 
difficult, hence as far as possible the entire length of the small mtestme from 
pylorus to the caecum was isolated by ligatures at both ends Small glass- 
cannulas were passed m at these ends and the lumen washed carefully with 
100 c c to 126 c c of warm physiological sahne solution made in glass-distilied 
water tdl the washmgs were free from calcium The fluid was gently pressed out 
between two fingers The ends were then tied off and the cannulas removeii 
Two c c of a solution of calcium gluconate contaimng 12 3 mg of calcium were 
injected into the mtestme near the pyloric end of the hgated loop by means of a 
synnge fitted with a very fine needle The loop was then replaced m 
abdomen, the walls closed, sutured and the narcosis discontmued After tluM 
hours the rats were lolled by chloroform, the loops removed and the len^ 
measured A glass-cannula was passed from one end and the loop was waA 
with glass-distilled water tdl the^ washmgs were agam free from calcium T 
reqmred about 150 c c to 175 c c of water The washmgs were acidified, ma 5 
to volume and the calcium estimated by volumetric permanganate method 

To ascertain the accuracy with which calcium gluconate solution could 
dehvered by the syringe several trials were earned out in which 2 c c of the 
were dehvered into different beakers and the amount of calcium estimated 
results showed that the dehvery from the sjrringe was quantitative and 
It was also essential to find out if all the calcium introduced into the mtestine co 
be quantitatively recovered For this purpose six rats were used in which the o p 
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were waslied immediately after introducmg the calcium salt The estimation of 
calcium m the washmgs proved that it could be recovered almost quantitatively 
(98 63 ± 2 22 per cent) 

The normal, hypervitammotic, rachitic rats and those protected from nckets 
by vitamm D were employed for the investigation In addition to these some rats 
bred from stock receivmg vitamm D poor diet and continued on a similar diet after 
weanmg were utilized 

(1) Normal rat^ — Seven adult rats reared on the stock diet were employed 
for the absorption experiments In the Table are given the results obtained — 


Table 

(12 3 mg Ca were introduced into the intestine ) 



Age m days 

■Weight, 
j g 

Lenrth of 
the loop, 
cm 

CaLOTIJM absorbed IB THREE HOURS 

mg 

mg /cm 

{A) Seven rats on stock diet 


207 

266 

42 6 

1 

6 29 

0 170 

Mimmnrn 

200 

130 

30 6 

3-01 

0 071 

'Mean 

203 

208 

37 2 

1 4 86 

0 133 

<T 




±120 

± 0 030 


(Al) Four rals {mild hypervitamtnosts D, 7,200 I U 
of mtamin D ptr rat per day) 


Maiunum 

264 

207 

39-0 

4 23 

0 120 

Minimum 

236 

167 

32 0 

3 01 

0 083 

Mean 

246 

192 

36 0 

3 76 

0 105 

O' 


1 


± 0 696 

1 ±0 018 


(^2) fire rats {severe hypermtamxnos\s D 7 200 I O 
of mtamin D per rat per day) 


Ma-rimnm 

234 

182 

450 

4 96 

0 140 

Mmimum 

200 

160 

31 0 

2 89 

0 084 

Mean 

216 

166 

358 

4 16 

0 116 

<r 


1 


± 0 847 

± 0-063 


U 
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Group [a) developed nckets within four to six weeks and were ready for expen 
ments (that they had nckets was later confirmed by bone analysis) Tlieyiveie 
then utdized for the purpose of studying the absorption of calcium The rate from 
the other control groups were also experimented upon at the correspondmg intervals 
of time The results of these experiments are given in Table B 

(4) Rats kept on a diet deficient only in vitamin D — ^Although nckets m rate can 
be produced by feechng the diets grossly deficient or unbalanced in calcium and/or 
phosphorus in the absence of vitamin D, this condition is seldom associated with 
chmcal nckets In the majority of such cases the cause of rickets is either a lad 
of vitamin D, the want of proper sunshine, or of both Hence it was thought 
necessary to study the absorption of calcium under conditions in which a deficiency 
of vitamin D alone was the disturbing factor while the amount of calcium and 
phosphorus and the ratio Ca/P in the diet were mamtamed withm normal limits. 
This was accomphshed by breeding young ones from parents which were kept on a 
diet poor m vitamm D and having the foUowmg composition — 


Vitamin D poor diet 


Starch 

Grammes 

50 0 

Dned skimmed rmlk 

20 0 

Red palm od 

10 0 

Sodium chloride 

0 18 

Marrmte 

10 

Ascorbic acid 

0 006 


Thirteen young rats (four weeks old) were utilized for these experiments They 
were divided mto two groups (a) one consistmg of seven rats was given the vitamm D 
deficient diet only and (6) another of six rats which received 60 I U of vitamm 0 
per day orally as a supplement (control) The rats m group (o) grew slowly ana 
their weights became stationary or began to decrease at the end of mne weeks on 
the diet They were then used to study the absorption of calcium The rate o 
group (&) (control) were also expenmented upon at correspondmg mtervals Id 
T able 51 are given the results of these experiments 


The experimental data on the absorption of calcium from the isolated loops 
have been treated statistically accordmg to Bradford Hill’s (1939) method for sma 
numbers As the absorption from the mtestine is likely to be influenced 
by the area of the intestinal surface which m its turn would be proportional to ® 
length of the loop, it was hoped that the comparison on the basis of caloium 
absorbed per umt length of the loop might probably yield more correct mforma wd 
on the pomt Hence a comparison has been made on that basis also 


Discussion 

It has been stated earher that certain flaws were noticed m the techmque use^d 
by Nicolaysen {loc cit ) to study the absorption of calcium from the mtestines 
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raclutic and normal rats He found it impossible to rinse all the remaining calcium 
out of the lumen at the end of the experiment The loops from which calcium had 
been absorbed and which were nnsed and emptied, were found by him to contam 
about 0 6 mg Ca per g of loop as agamst 0 1 mg per g of loop m which no calcium 
had been mtroduced Hence, m order to recover this amount he ashed the entire 
loops with mtric and phosphoric acids and estimated the total calcium from the 
ash and the washmgs as the unabsorbed calcium Although this procedure ensured 
the recovery of all the amount m the lumen, it probably added a fresh source of 
error m the evaluation of his results Durmg the process of absorption calcium is 
taken up by the villus epithehum and then transferred by the blood capdlanes and 
the lymphatics to the general cuculation (Chitre and Patwardhan, 1940) As the 
process must be continuous durmg absorption, at any given moment some calcium 
has passed mto the lymph and blood outside the mtestinal walls and some would 
still be m the lymphatics and capillaries of the mtestmes waiting its turn to be 
transferred Both these quantities together should represent the absorbed calcium 
If, however, the mtestme is ashed as was done by Nicolaysen and the amount of 
calcium found m the ash added on to the imabsorbed calcium recovered by washmg 
from the lumen, it will give an entirely wrong picture, because by ashmg the mtestme 
the amount of calcium which had been absorbed but not yet left the mtestmal walls 
will also be counted as unabsorbed calcium, a phase it does not actually represent 
It may be pomted out that m the present mvestigation it was possible to recover 
imm ediately after mtroductiou the total amount of calcium mtroduced, the recovery 
bemg 98 63 ±2 22 per cent It is clear therefore that the extra 0 6 mg Ca per g 
of loop recovered by ashmg should not have been mcluded m the value for 
unabsorbed calcium Further, the number of rats used by Nicolaysen was small 
and the results were not subjected to statistical analysis 

Another possible source of error m the evaluation of results obtamed by the 
loop techmque hes m the probabihty of some excretion of calcium m the tied loop 
durmg the penod of the experiment This aspect has been mvestigated by leavmg 
the washed and tied loops u; situ without mtroduction of the calcium salt At 
the end of three hours the loops were washed as described and calcium estimated 
m the washmgs Several such experiments mdicated that only neghgible amounts 
of calcium were excreted m the loop m three hours, the average bemg 0 2 mg for 
the entire loop 

The results presented in the Table would seem to mdicate that there are 
no ‘ significant ’ difierences between the total amounts of calcium absorbed m 
the three groups, viz ‘ rickets ’ (5 63 ± 1 56), ‘ rickets protected by dosage 
with vitamm D ’ (6 14 ± 2 27) and the ‘ stock group ’ (4 21 ± 1 24) IFhen the 
comparisons were made between the groups of rats on the ‘ rachitogemc diet ’ 
and those on the stock diet on the basis of calcium absorbed per cm of the loop 
there was found a significant difference, but m this case the value was higher 
m the rachitic group than m the ‘ stock group ’ The mean value of calcium 
absorbed per cm. of loop was also higher m rats receivmg the ‘ rachitogemc ’ diet 
supplemented with vitamm D as compared with those on stock diet, although this 
difference was not significant Ho smtable explanation can be advanced for this 
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peculiar bel^a^^our of rats on racliifcogemc diet witli or ^atliout vitamin D The 
experiments on rats Icept on^a diet deficient in vitamin D but otherwise adequate 
also failed to show ‘ significant ’ difference lictween tlie rates of absorption of 
calcium in the ‘ avitaminotic ’ and the ‘ control ’ groups 

Similarly, the attempts to demonstiate the effects of excessive dosage of 
vitamm D for short or long periods on the absorption of calcium from the intestine 
of rats have failed to show any significant difference between the normal and 
hype^^ntamlnotlc rats 

In view of the above findings it is considered necessary to find a satisfacton 
explanation for the commonly observed increase in the fmcal calcium m the state 
of \ itarmn D deficiency It is suggested that although \ntaimn D may not e\ert a 
direct influence on the absorption of calcium, it is possible that it may do so in an 
indirect manner by altering the condition or conditions in the mtestmal tract, which 
in a normal ammal are not unfavourable for the absorption of calcium It must 
be borne in mind that the experiments described above were earned out with the 
calcium salts alone m absence of any extraneous disturbmg factors It is known, 
however, that hydrogen ion concentration of the contents of the small mtestine, tlic 
presence of varying quantities of fat, the ratio of Ca to P, etc , are some of the 
factors which determine the extent of the absorption of calcium from the mtestine 
Considerable wmrk on tliese problems has been published by vanous authors 
In the mam it lias been inconclusive It ivill be reviewed m a later coraraumca 
tion dealing with the examination of the factors believed to influence the absorp 
tion of calcium from the intestine 


Summary 

The absorption of calcium salts from the intestines of albmo rats by the 
isolated loop techmque has been studied Observations were made ou normal and 
rachitic rats as well as on tlie rats inth induced h}q)ervjtanunosis D aud the results 
statistically treated No evidence of any direct influence of vitanun D ou the 
absorption of calcium could be obtained 
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K mTRA 

{From Nutrition Scheme, Public Health Laboratories, Bankipore ) 

[Received for pnbLcation, September 18, 1941 ] 

Introduction 

In two previous communications from this laboratory (Mitra, 1940o, 1941) 
dealing vvith the dietary of people m industrial areas of Bihar, it has been shown 
that rise m mcome is usually, though not always, followed by greater consumption 
of aU the protective foods essential for the mamtenance of optunum health In 
the present study an attempt has been made to find out how groups of abongmal 
fanuhes behaved when they could afford to spend more money on food 

The abongmal tribe m question were the ‘ Hos ’ who are said to have migrated 
to the distnct of Smghbhum several centimes ago Their numencal strength was 
given as 301,168 persons (or 32 4 per cent of the total population of the district) 
at the 1931 census The distnct of Smghbhum is situated at the south-eastern 
corner of the Chota Nagpur plateau m the province of Bihar Rice is the pnncipal 
crop grown m the distnct A small quantity of millets, pulses and oil seeds is 
also grown 

Families surveyed 

An mvestigation into the food mtake of 250 Ho fanuhes consisting of 1,272 
persons was earned out during the penod November 1940 to Apnl 1941 on the 
Imes^ suggested by Aykroyd and Knshnan (1937) Each fanuly was under 
obsen ation for ten days only One hundred and fifty fanuhes were sampled from 
villages m the neighbourhood of Chakardharpur, a distnct headquarters of the 
B N Ry , and 100 fanuhes from the villages situated close to Jagannathpur, a 
big village possessmg a chantable dispensary and an English High School In 
selecting the sites for the survey, Chakardharpur and Jagannathpur were chosen 
as m both these areas the Hos were earmng their livelihood by following agncultural 
pursmts m comparatively fertile level tracts and were uninfluenced by industnal 
development The earners m these fanuhes consisted mamly of tenant cultivators 
and agncultural labourers 

The total income m each of the famihes was assessed on the hnes detailed m 
a prenous commumcation (Jlitraj 19406) and the ai erage mcome per consumption 

( 91 ) 
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unit calculated ou the basis of the Interuational scale of family coefficients suggested 
by the League of Nations (1932) This index has been used for classifying tie 
famihes in different income level groups as the total income of the family fails to 
convey any idea as to the per capita spending power of each family nmt The 
famihes were classified into four groups (o) group I, i e those famihes mti an 
annual income up to Es 30 per consumption umt per annum, (6) group II, le 
those up to Es 60, (c) group III, i e those up to Es 90, and (d) group IV, consistnig 
of with an income of over Es 96 The average annual mcome per cos 

sumption umt (c u ) for the four groups was worked out Eor the sake of brevity 
group numbers udl be given vhen referring to any one of the mcome groups later 
m the text 

TylULfc I 


Details of families in the different income groups 


Grouj) 

numbers 

1 

Number of 
families m 
each group 

1 

Limits of nnnuiil 
income jKr c u 

A\ erago 
number of 
consumers 
per fnrailj 

A\ erago number 
of ‘ man value ’ i 
consumption j 
units per fnniJj j 

Average anninl 
mcome per e a 
m rupees.* 

I 

91 

Up to Rs 30 

5(3 

42 

215 

11 

121 

j Up to Rs 00 

, 50 

46 

431 

111 

20 

Up to Rs 00 

40 

>1 

1 

72 4 

IV 

12 

0\ or Rs 90 

44 

1 

34r 1 

169 9 


* Ono rupee cqunls Iff Orf (npprox ) 


Classes op foodstuffs consumed 

The ai erage daily intake of the difierent classes of food per c u m ounces, 
in each of the family groups, is shown m Table II — 

Table II 


Daily consumpition per c u in oz 


Familj 

groups 

j 

Orenls 

1 

1 

1 

1 Pulses 

I.,onfj 

\egetable8 j 

i 1 

1 

Non leafy j 
A cgotables i 

1 

Oils and 
fats 

Flesh foods 

CondiintDt' 

I 

' 17 8 

00 

1 1 

1 06 1 

1 t 

1 04 

*Neg 

Neg 

1 

01 

II 

195 

08 

09 i 

! 05 

Nog 

Neg 

Neg 

1 

III 

21 2 

OS 

j 

1 1 

I J 

, 05 

Neg 

Neg 

Neg 

IV 

23 0 

09 

0 9 

i 

0, 1 

Neg 

Neg 

Neg 


* Neg = negligible or less than 0 1 oz 
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Houie-pouuded parbodcd ncc Avns the onh cereal ffraiii consumed The 
cooking water or marJi was not thrown nwac hut consumed along with rice One 
himdred and tw enty famihes (or 48 per cent) did not consume any pulses Ei eri 
Ho family maintams a kitchen garden Lufii or dried tender shoots and leaves 
were very popular The use of the potato was almost unknov n, hut some amounts 
of colocasia and other stem or root tuhers were eaten Tomato vas found to he 
a popular edihle hut the production of this \egctahle as also of others was verv 
small Two himdred families (or 88 per cent) were found to use no oils or fats 
for ciilinarv purposes 

Though the Hos entertain no prejiuhce against anv of the meat foods, only 
SIX famihes were found to consume fowls and two faimlies duck’s eggs from then- 
own poultry Only one famd} consumed small fish 

The amount of wild frmts which is consumed durmg the different seasons could 
not he estimated and has not heen taken into consideration 

' The average intake of calories per consumption umt per diew m family groups I 

to IV were found to he 1,907, 2 096 2,263 and 2 454 respectively VTide the 
fanuhes under mvestigation follow agricultural pursmts im olvmg very little labour 
* ns they depend almost entirelj on rainfall or diversion of flood water from nvers 

, and the number of workmg days barely exceeds 150 m the year, yet people 

, consuming less than 2,500 calones per c u per diem must be regarded as subsisting 
on a quantitatively insufficient diet According to this standard about 64 per 
cent of the families m group I, 46 per cent m group II, 35 per cent m group III 
and only 3 per cent m group IV were found to fall below this level of cnione intake 
This findmg, along with the increase m ^^erage intake for each group justifies 
the conclusion that with increase in income the calone intake tends to become 
more and more satisfactory 

BSTIItlATTON OF mjTRTTTVE PRINPIPLES 

Tlie amount of the Aanous nutrient principles consumed per c u per dteili 
' are shown in Table HI — 


Table III 


Average daily iiUale per c v m the different income groups 



Family 

groups 

1 Protein, 
g 

Fat, 

P 

Garbo 

hvdrate 

g 

1 

Calcium, 

1 g 

1 

Phos 

phonip 

P 

Vitamin 

A, 

I U 

Vitamin { 

I u 1 

1 

Vitamin 

c, 

mg 

y 

I 

4S7 

1 

24 

411-0 

0 162 

1 517 

1 145 

532 

154 

\ 

ir 

yi n 

3 3 

•147-9 

0 220 

1 010 

1 

2 113 

577 1 

1 23 3 


in 

•>8 7 

30 

480 4 

0 250 

1 795 

2 152 

UlO 

26 3 

V 

IV 

1)3 J 

3 8 

526 8 

] 0 194 

1-912 

1 816 

1 1 

31 4 
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The intake of calones, protein and fat was found to maintain a positive 
correlation with the income 

With the exception of the carbohydrate, phosphorus and vitamin Bj, the 
other elements in the diet seem to be very inadequate The phosphorus figure 
on them face value seem to be satisfactory but, ivith the exception of an extremely 
neghgible percentage, the whole of this element was derived from vegetable sources 
and therefore comparatively unavailable The figures for vitannn C may appear 
adequate but the calculations have been based on raw food and the thermolability 
of this particular factor is well known The quota of fat in the diet was lower 
than the lowest figure of consumption recorded so far, i e that recorded in the 
case of another aboriginal tribe (Mitra, 19406), though there is a shght suggestion 
of increasmg consumption with nse in income 

Discussion 

It IS a trmsm that poverty is primanly responsible for shortage of caldnes, 
or in other words, quantitative deficiency in the diet In the famihes classed 
under groups I and II the average daily income per c u comes to 11 3 pies* and 
1 9 annas respectively, and hardly any improvement can be expected unless the 
earmng capacity be increased In the case of families classed imder groups HI 
and IV the average incomes per c u fer diem were found to be 3 2 and 7 0 annas 
respectively and it was expected that a more liberal consumption of calories would 
be observed in these two groups, on the basis of observation on the calone con 
sumption in family groups of sirmlar income level in the same district (groups I 
and III in Jamshedpur , Mitra, 1940a), or in the contiguous distnct of Maubbum 
(groups II and III in Jharia , Mitra, 1941) In each of the groups of faroibes m 
these industrial areas, the average daily consumption per c u was in the neigh 
bourhood of 3,000 calories The fact that people engaged in industrial worl 
required a greater calone consumption does not fully explain the discrepancy B 
< must, however, be noted that m the case of another aborigmal tnbe, the Santhais 
(Mitra, 19406), though these were sampled from shghtly lower mcome levels as 
compared to groups III and IV in the present study, the average intake of calone 
was found to vary between 1,378 and* 2,276 m aU the (seven) groups Whether, 
in the case of aboriginals occupied in agricultural pursmts, the appeasement o 
hunger is always the surest gmde to quantitative requirements can be proved on / 
by further study 

The qualitative deficiency m the dietary is usually caused by (a) ignorance, (h) 
respect for traditional dietary habit and (c) scarcity of protective foods in addition 
to poverty 

In order to decide how far each of these facts was responsible for the deficienci^ 
noticed particularly m groups III and IV, it must he recorded that mfik and 
products are not available in the area for love or money The Hos themselves nM 
cows (along with bullocks) for ploughing fields in preference to then use as 


♦ One rupee is equivalent to sixteen annas or 192 pies 
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cattle Ovrmg to lack of demand sufficient vegetables were not available m tbe 
weekly or bi-weekly village markets Except for chicken, flesh foods are rarely 
sold, and chickens are eagerly purchased by non-abonginals for what is considered 
to be a good bargam The produce from the kitchen garden is poor for various 
reasons Under the circumstances the Hos in the comparatively higher economic 
scales cannot obtain a better diet if they want to unless the environment is 
changed 

The most widely used items of food, e g pulses and vegetable od, are available 
in plenty m aU the Jtahas (markets) and nothmg except faulty food habit prevents 
the Hos from mcluding these things m the diet The only methods of cookmg 
known to them are boding all edibles, or, at times, bakmg Elementary methods 
of cooking curry or gruel from pulses and other preparations were found to be 
unknown to these people Consequently they used no condiments such as turmenc, 
coriander, red chdhes, etc Increase m mcome made no difference as to the degree 
of c ulin ary art practised or as to the devising of a more varied menu 

Table IV 

Frequency distribution of fannhes consuming not more than two items of 

foodstuff 


Fahilies coxsmuNa the followlsg — 


FamilY 

groups 

1 

Rice 

Rice and 
tamarind. 

Rice and 
one kmd 

1 ol pulse 

Rice and j 
one kmd i 
of non leafy i 
i vegetable 1 

Rice and 
one kmd 
of leafy 
vegetable 

Total. 

I 

6 

6 

1 

14 

6 

16 

47 (61 7 per cent) 

n 

6 

1 

16 

8 

20 

61 (42 1 per cent) 

m 

1 

Nil 

3 

N,l 

2 

6 (23 1 per cent) 

IV 

Ntl 

Na 

1 

1 

1 

3 (25’0 per cent) 

All groups 

13 

6 

34 

15 

29 ' 

107 (42 8 per cent) 


Table W is an mteresting study and proves that about one-fourth of the 
famdies m groups HI and IV were foimd to consume only one land of food m 
addition to nee Thirteen famdies were found to subsist on nee alone without 
any supplement Ignorance and adherence to traditional dietaiy habit can only 
be held responsible for this state of affairs 

It IS justifiable to conclude that mcrease m mcome was not followed by any 
quahtative improvement m the diet consumed by the Ho fanubes under 
im estigation 

Dalton (1872), who is said to be an authonty on the Hos, observed about 
70 years ago that ‘ the Hos of Singhbhum ’ were physically a much finer people 
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than the Bhunn]i, the Rantlials, or any other Kolerjans According to him tht 
males averaged 0*5 to 60 inches in licight and the vonien 62 inches Dimng tie 
present investigation an attempt was made to measure tlie height and weight of 
the adults The mean height in inches on tlie examination of 503 males (tie 
females refused to co-operate) ivas found to be 62 54 ±0 11 »S E with a atandaid 
deAuation of 2 00 ±0 08 S E The mean weight in pounds was found to he 99 52 
±0 57 S B with a standard deviation of 10 4 ±0 41 S E A comparison of these 
figures with the respective figures for Santhal males compiled by the author (Jhtia, 
10406) sliows that there is no siqmficant difference between the average statiue 
and weight of the two tribes 

Dalton, who was a Colonel in the imhtia raised from aliorigmal tribes some 
time before he was deputed to study ethnology in Cliota Nagpur, does, not sav 
how he obtained these figures One is thus left W'ondcring whether the physique 
of the flos has deteriorated because of the consumption of such a poor diet or 
whether Dalton’s figures were not representative of the whole population 

In order to study the effect of such a poor diet, 2,403 Ho children were rated 
clinically and examined for deficiency diseases on the lines detailed in a prenons 
comraumcation (hlitra, 1940a) It was found that 32 9 per cent of the boys and 
28 6 per cent of girls were rated as poorly nourished and this percentage was found 
to be higher than the highest figure so far recorded (in the case of Pahana children, 
Mitra, 19406) in the province As regards apparent signs of dietetic deficiencY 
12 7 per cent of the boys and 8 1 per cent of the girls w ere found to be suffenns 
from either phrynoderraa, xerophthalmia or angular stomatitis 

The teeth of all the children were examined by dental probe and mirror for 
the presence of caries and malocclusion of teeth 13 6 per cent of the boys and 
15 4 per cent of the girls were found to be suffering from dental caries The per 
ceutage incidence of malocclusion of teeth m the boys and girls were found to be 
20 9 and 24 8 respectively 

Kmid’Seii^Schwtz index — The dorsal median furrow of all the children were 
examined according to the methods detailed bv Bigwood (1937), 


Table V. 

Assessment of milriHon by Kmdsen-ScJiwtz index 


Unsatisfactory 


Satisf yotori 

Number 


examined , 


Actual 

Percentage 

Boys 1,608 1,200 

71 9 

Girls 736 500 

1 ^ 

76 2 

Both 1 2,403 ' 1,700 

1 1 

73 2 
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The percentage of children diagnosed to be m an unsatisfactory state of 
nutrition by this method is sbghtly lower than that of children diagnosed as poorly 
nourished by naked-eye ratmg 


SUUMAHY 

1 A dietary survey of 250 Ho (abongmal) famihes consisting of 1,273 persons 
was earned out m Smghbhum distnct from November to Apnl The famihes 
were classified mto four mcome groups and the average annual mcome per 
consumption umt in these groups was found to be Es 21 5, Es 43 1, Es 72 4 and 
Es 159 9 respectively 

2 Sivty-four per cent of the fa mili es in group I, 46 per cent m group II 
35 per cent m group HI and only 3 per cent m group IV were found to be 
consimung diets quantitatively deficient 

3 The mtake of calones, protem and fats was found to mamtam a positive 
correlation with the nse m mcome level Though the people entertain no prejudice 
against flesh foods, very little of these was actually consumed Eighty-eight per 
cent of the famihes used no oils or fats m cookmg food 

4 The consumption of milk and mOk products was unknown Only a 
neghgible quantity of vegetables was consumed The quahty of diet m most of 
the families was inadequate Else m mcome made no difference 

5 A httle more than 2,400 children were also exammed to discover the 
incidence of vanous deficiency diseases By naked-eye ratmg about 32 per cent 
of the children were found to be poorly nourished, whereas by the Knudsen-Schiot^ 
index about 27 per cent were found to be in a state of unsatisfactory nutrition 

6 The suri'ey proves that increase in mcome is not always associated with 
quahtative miprovement m the diet Ignorance and regard for traditional dietary 
habits may prevent such an improvement takmg place 
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COEAIkHNE AND CAEDIAZOL ON THE 
CIECDLATION AND EESPIEATION 

BY 

J C DA^TD, MB, ph D (Edin ), 

AND 

R EJUSHNASTVAin, m.b , b s 

{From the Department of Pharmacology, Medical College, Madras ) 

[Eeceived for pubbcation, July 25, 1941 ] 

Camphor has been nsed for a long tune as a temporary cardiac stimulant 
Opmions are divided as to its usefulness, because the effects, if they occur, are 
inconstant and unrehable The hterature regardmg its cardiac and respiratory 
effects IS volilmmous, but at the same time very contradictory, and no purpose is 
served by quoting from it here That camphor in od given by mjection can produce 
a temporary stimulation of the pulse and respiration cannot be controverted , but 
this, as pharmacological experiments shoiv, is m the ordmary doses only a reflex 
phenomenon and, therefore, cannot be made use of for routme stimulation of either 
the heart or respiration 

In order to get over the msolubihty of camphor, many soluble preparations 
have been devised Cardiazol (pentamethylene tetrazol) is a synthetic product 
with similar but more powerful action on the heart and respiration, both reflex as 
weU as direct Hexetone, Cardatone, a sodium derivative, and Solucamphre 
(Delalande), which is a d-campho sulphonate of diethylene diarmne, are among the 
more recent derivatives mtroduced mto therapeutics 


Solucamphre — Some experiments on the pharmacological action of Solu- 
camphre (Delalande) on the heart and respiration may first be mentioned 

On the heart — ^Myocardiograph records of the cat’s heart under amesthesia 
show a temporary inhibition and depression of the heart muscle, much more marked 

( 99 ) 



Gamphor, Coramioie mid Cardiazol 

IS completely abolished after atrojiimzation (Graph 1) 

a intravenous injection into cats and dogs a fall of blood pressure is noticS ^In 

Graph 1 

Cat 2 5 Jig Glilo) clone intrapentoneally 25-9-1940 




M 






.Time 10 B»o 


(a) 0 26 c c Sohipamph 


(b) 0 26 0 0 Solucaraphre after 0 6 mg 
Atropine 


(Graph 11 An f. «■ great extent prevented after atropimsation 

than^before is stid pressure which, though smaller 

dilatation caused hv ° atropinization is that it is due to peripheral vaso- 

(Delalande) ^ camphor and its denvatives, also seen in the case of Solucamphre 
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Solucamphre (Delalande) is also supplied by the manufacturers m combmation 
with strychmne, caffeine or ephednne wntli the idea that such combinations may 
produce a potentiation of the combined action We noticed that whde there was an 
additive action on the cuculation, as well as respuation, there was no potentiation 
The cardiac action of caffeine and the respiratory stimulation of strychmne could 
both be noticed without any special reinforcement due to the action of Solucamphre 
as claimed by the manufacturers 


Graph 2 




(a) Cat 2 1 kg Chloretone intrapcnto (b) Cat 2 99 kg Urethane 30 6-1941 
neaUy 20 9 1940 0 25 c c Coramme (Dr Dey; 

1 c c Solucamphre 


On the respiration — Solucamphre certainly produces a stimulation of the 
respiration as seen from a qmckemng and mcreased amplitude of the respiratory 
movements as well as mcreased oxygen consumption (Graph 2) This effect 
persists after atropimzation showmg an action on the medullary centres Here 
there seems to be a true stimulation of the centre concerned 
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The record of the consumption of oxygen (Graph 2) was taken by the floating 
pan spirometer as descnbed by Jackson (1939) 

Solucamphre is therefore a stimulant of the respiratory centre qmckemng the 
rate and amphtude of breathmg with a correspondingly increased consumption of 
oxygen Therefore it would be of climcal value m cases where such stimulation 
18 indicated Solucamphre cannot, however, be classed as a cardiac or circulatory 
stimulant though it can act as a general diffusible reflex stimulant, hke mjection of 
ordmary camphor 

CoRAMiNE or Nikethamide (Pyndine B-carbomc acid diethylamide) is another 
popular stimulant of the respiratory centre We experimented with two samples 
of 'this preparation, one prepared m the chemical laboratory of the Presidency 
College, Madras, kmdly sent to us by Professor B B Bey, and another marketed 
under the name of ‘ Cardiamid ’ (Cipla), both in 25 per cent solutions 

We found a very marked and immediate mcrease in the oxygen consumption 
and in the amphtude of the respiratory movements (Graph 2)» Gorarmne is 
therefore a real stimulant of the respiration 

On the heart, Coramme produces no demonstrable stimulation On the other 
hand, we find in experiments on mtact and isolated heaxts that there is a defimte 
depression of rate and amphtude mstead of stimulation , and there is always a 
corresponding fall of blood pressure which is rather temporary 

Caediazol or Leptazol Expenments m this laboratory with Cardiazol (Knoll) 
and Corasol (Cipla) confirm our previous findmgs (David and Vareed, 1929) that 
this drug IS a real stimulant of the respiratory centre and to a smaller extent of 
the heart Even large doses do not depress the heart, but unfortunately tend to 
produce convulsions 

We thank the manufacturers, Michel Delalande of Pans and ‘ Cipla ’ 
Laboratories, Bombay, for supplying us with a certam amount of these prepara- 
tions for study through then? local representatives 
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Introbuction 

This liliaceous plant grows abundantly in the temperate regions of the 
Himalayas from Simla to Bhutan The plant is not mentioned m the Watt’s 
Dictionary of the Economic Products of India and no information is available 
regardmg its medicmal properties and uses 

The roots of this plant secured from Nepal have lately been mvestigated by the 
Department of Chemistry of this Institution and two glucosides aUied to pandm 
and panstyphmn, found m Pans quadrifoha Linn, have been isolated The details 
about the isolation of these two glucosides have already appeared m a paper 
(Dutt, Chatter] ee, Ghosh and Chopra, 1938) and a paper dealmg with the 
properties and composition of the two glucosides will soon appear m a separate 
commumcation. 

Smee the composition and properties of the glucosides isolated from this plant 
do not agree m many detads with those of pandm and paristyphnm, the present 
authors have suggested the names a-pandm and a-panstj^hmn for the glucosides 
of P polyphylla 
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Glucostdes frcnn Paris polyphylla S^n 


Properties of the glucosides — a-paridin crystallizes from alcohol in ghstemug 
larmnse m p 244°C to 246°C It produces a shght tingling sensation on the tongue 
It IS very shghtly soluble in cold Trater but more so in hot water It is spanngly 
soluble in cold alcohol but fairly soluble in hot alcohol a-panstyphmn forms a 
cream coloured amorphous powder m p 147°C to 149°C It is freely soluble in 
water and alcohol and produces a tmghng sensation on the tongue 

Experimental results 

The action of the two glucosides was studied on the cardio-vascular and 
pulmonary systems, the spleen, kidneys, mtestine and limb volumes and on the 
isolated inte^me of gumea-pig 

1 Action of a-panstyphmn — 1 Piessor effect — In normal chloralosed cats, 
a-panstyphmn produced an mitial fall of blood pressure amountmg to 10 mm Hg , 
14 mm Pg and 28 mm Hg in 2 5 mg , 5 mg and 10 mg doses respectively 
This was soon followed by a secondary nse not exceeding, however, 16 mm Hg 
above normal Paralysis of the vagal or sympathetic nerve-endmgs by atropme 
or erogotoxme did not modify the above effects 

2 Cardiac action — ^]\Iyocardiograph expenments showed that in doses stated 
above the amplitude of both auricular and ventricular contraction considerabl} 
decreased and the heart temporarily dilated The rhythm remained unaffected 

3 Intratracheal pressure — a-panstyphmn was found to be a marked 
respiratory depressant and reduced considerably the amphtude of respiratory 
movements, but did not change the rate 

4 Spleen volume — This uniformly increased from vaso-dilatation m the 
organ 

5 Kidney volume — Unhke splemc dilatation oncography demonstrated 
evidences of vaso-constnction and the volume of the organ was dimmished 

G Intestinal volume — ^Imtial vaso-constnction was soon followed by a 
secondary vaso-ddatation in the organ 

7 Limb volume — a-panstyphmn produced a defimte vaso-dilatation m the 
penphery 

8 Isolated guinea-pig intestine — In a concentration of 10“® o-paristyphmn 
accelerated peristalsis but the tonus remained unchanged In higher concen- 
trations, such as 0 5 X 10“^ and 0 25 x 10”^, tome contractions were obtained, 
the mtensity of which was roughly proportionate to the doses utdized The 
contraction w'as slow but progressive and ceased on washmg This stimulating 
action of a-panstyphmn was not inhibited by atropme 

II Action of a-pandin — This was studied on the very same organs as in cases 
of a-panstyphmn a-pandm was found to possess some pressor effect but much 
less marked than in case of a-panstyphmn On the isolated gmnea-pig intestine, 
it stunulated the tonus without acceleratmg the peristalsis Pharmacologically, 
this glucoside could be considered to be much less active than a-panstyphmn 
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DIsoussIo^ 

Analysis of various effects produced by glucosides occurring in Pans polyphylla 
shows that a-paristyphmii has got depressant actions on the carotid pressure, 
myocardium and respurntorj'- movements It produces vaso-constriction in the 
kidney but vaso-dilatation in the spleen and limbs The fall in carotid pressure 
could possibly be evplained by this latter phenomenon Neither atropme nor 
ergotoxme modifies these actions It is thus evident that the penpheral autonormc 
nervous system does not play any part m the mechanism of the cardio-vascular 
action of a-panstyphmn This is also true for the isolated guinea-pig intestine 
where the stimulating action of a-paristyphmn is not modified by the effect of 
atropmization 

Conclusions 

1 Of the two glucosides of P polyphylla a-panstyphmn is pharmacologically 
more potent than a-pandm 

2 The different actions of a-panstyphmn do not appear to depend on the 
penpheral autonomous nenmus mechanism It acts, to aU probabdities directly 
on non-striated muscle fibres 
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Ghicoside of Cerbera odoilam 


Chemical nature and toxicity of cerherin — The seeds contain a glucoside named 
cerbenn isolated first by deVry wbicb is sparingly soluble in ivater The 
saturated solution has an approximate concentration of 1 in 5,000 only This 
solution IS non-irntatmg to the s k i n conjunctiva and subcutaneous tissues but 
produces vomitmg diarrhoea and even s5Tacope m animals if given by subcutaneous 
mjection The lethal dose vas found to be 1 8 mg for the dog, 3 1 mg for the 
cat and 50 mg /kg for the rabbit 

Experbiextai 

A prel imin ary studv of the cardio-vascular and muscular effects of the drug 
formed the mam object of om investigation 


/ Cardiac action 

This vas studied both on the isolated mammahan heart by the perfusion 
method of Langendorff as also by myocardiography of the heart in situ 

1 Perfusion of the kitten heart — The action of cerberm varies accordmg to 
■e magmtude of the dose utilized In a concentration of 10“® it produces a 

_ < -ed cardiotomc effect on the amplitude of the ventricular contraction This is 
v^reased to the extent of 30 to 40 per cent over the imtial excursions (inotropism 
positive) The rhvthm remains unchanged At higher concentrations, such as 
10~®, the imtial stimulation is soon followed by a gradual depression (motropism 
negative) Fmally, the rhythm is altered and bradvcardia sete m (chronotropism 
negative) 

2 Perfusion of the rabbit heart — The effective dose for rabbit heart was found 
to be much higher Stimulation vas obtained with cerberm in the concentration 
of 1 m 40,000 and the amphtude nearly doubled at this dose^^otropism positive) 


In 1 in 20 000 doses the amplitude remained unchanged 
produced (chronotropism negative) Fmally, disturbance'^ 
and bathmotropism became negative / 




3 Myocardiography — On the normal cat’s heart in 
of cerberm, in doses \ ai^nng from 05cc tolScc, stij 
and ventricular contractions after a preliininar} stago 
synchronous vith the fall of the carotid pressure Del 
m the next stage anj^ fibrillation was produced' 


) 


The abo\e effect wa 


/ 


inhibited by atropine 


dycardia was 
dity occurred/^ 


/ 
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the auncuj 
^ depress' 
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Effects of cerbern 
spleen and kidney voh 
1 Action on the 
normal animals, total dose 
2 5 kg and 3 kg approx 


Vascular action 

pressure of n^ 
studied 
This was stU( 
c c to 1 5 c 
. olfall 
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from 10 mm to 15 mm Hg Tlus is immediateh folloi^ ed by a nse of from 
20 mm to 25 mm Hg , the cunm resembhng that met with m case of saponins 
Atropinization inhibits the first action 

2 Action on organ tohimes — (a) Plethysmography The spleen volume is 
mcreased by cerbenn m the above doses and is synchronous with the nse of the 
carotid pressure (6) Oncography The volume of the kidney remains unchanged 
m above doses but the normal rhythrmc moaements, eonsisting of alternate 
contraction and dilatation, are increased in rate and amplitude 

III Action on plain muscles 

Tlie cardio-vascular action of cerbenn and the effect of atropimzation suggested 
that the action of cerberm on the plam muscles of mtestme should also be 
mvestigated This was done on the isolated gut of the cat and gmnea-pigs 

1 Isolated guinea-pig intestine — Cerbenn, in concentrations of 10~® to 5 X 10“®, 
stipiulates the intestinal musculature It increases both the tonus and the pen- 
staltic movements These actions are perfectly antagonized by atropine Pilocar- 
pine, on the other hand, increases the action of cerbenn In fact, intestinal strips 
previously treated with pdocarpine 10”® and washed show greater sensitiveness 
to the effect of cerberm This is endenced by decreased latent penod and greater 
mtensity of contraction and peristalsis It would appear that pilocarpine acts 
synergi^ically with cerbenn and potentiates its action ' 

2 Isolated Litten intestine — Cerberm also stimulates this organ In 5 X 10“® 
concentration the tonus is^ shghtly mcreased and the amphtude of penstaltic 
movements is stimulated In higher concentrations such as 2 x 10~® a summative 
effect IS produced 


SuiniAKY AXX) DISCUSSIOX 

Prom this bnef survey of the effects of cerbenn it is evident that pharmacologi- 
cally it IS a potent drug Its mam effect is cardio-vascidar It acts both on the 
rhythm and the amplitude producmg a positive intropism in moderate doses 
and a negatne mo, chronodromo and bathmotropism m toxic doses These 
charactenstics re min d us of its partial resemblance with digitalis action and it 
would be interesting to detail these studies both clmically and experimentally 
and ascertain if it could claim any place as a digitahs substitute 

On the carotid pressure the action of cerberm is biphasic It first depresses and 
then stimulates the pressure It would appear that the imtial faU is purely vagal 
as this disappears on atropmization The secondary nse is more likely to be due to 
the direct muscular effect of the drug 

On the plam muscle of the mtestme, cerbenn acts as a defimte stimulant both 
with regard to its tone and penstaltic movements This action is somewhat similar 
to that of pilocarpine Atropmization removes this aagal action pilocarpine 
potentiates it The above-mentioned stimulating action of cerbenn on the intestinal 
musculature could possibly justify its empincal use as a cathartic 
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Sclimitz and Glover (1927) observed that the rate of glycolysis m horinal 
blood vanes between 16 mg and 25 mg per 100 c c per hour at room temperature 
and that the rate of glycolysis is not dependent on the imtial blood-sugar level 
They also made a suggestion that it was only the myelogenous leucocytes which 
are actively glycolytic 

Talcon-Lesses (1927) studied the glycolysis in heparinized normal blood, 
incubated at 37°C , of 9 healthy persons w intro and observed that glycolysis is 
complete m 6 hours m samples of blood with an initial glucose content below 
100 mg per cent 

Reid and Narayan (1931) studied the glycolysis of blood incubated at 37°C 
Thev found that starvation decreases and food intake increases the rate of glycolysis 
in blood They further observed that glycolytic factors are present in both 
er^dihrocytes and serum 

De and Bhattacharyya (1938) found that glycolysis takes place at the rate of 
3 8 mg to 6 5 mg per hour per 100 c c of blood in normal blood and 4 0 mg to 
16 () mg per hour per 100 c c in diabetic blood They further obsenmd that 
fomplete glycolysis does not take place even after 24 hours’ incubation at 37°C 

From the short review of the hterature given above it thus appears that there 
IS a fairly v ide diversity of opimon among different workers as to the rate of dis- 
appearance of sugar from the blood in vitro, when the same is left at varying 
degrees of temperature for different lengths of time 

For some years past we have been observing that m our blood-sugar work there 
IS a difference in the results, sometimes qmte considerable, if the specimen is 
exammed immediately after collection or if the same is left for varying lengths of 
time after collection at room temperature This became more evident when a 
senes of blood-sugar tests has to be earned out throughout the day and mght To 
find out whether the difference m the results was due to the effect of the 
temperature, we started keeping aU our samples inside a frigidaire at 4°C and 
found that the difference in the results even if the sample was left for 24 hours was 
markedly less than if the samples were left at room temperature for 6 hours 

This was really the basis of the present paper which led us to mvestigate the 
subject thoroughlv, not only from the point of view of glycolysis m samples of blood 
kept at different temperatures for different lengths of time but also from the point 
of A lew of studying the action if any of the different anticoagulants on the rate of 
glycolysis of blood To make a preliminary study of the subject we started our 
work with studies on samples of blood of normal healthy mdividuals in the foUoving 
manner — 

Oxalated defibrmated and fl.uonde samples of blood kept at different tempera- 
tures, VIZ at 37°C at room temperature (23°C to 29°C ) and at 4°C 

Collection of blood 

Blood was collected aseptically by means of a dry syringe Anticoagulant 
was used in the proportion of 2 mg per c c of blood Blood was defibrmated t 
constant and gentle shaking with broken pieces of glass-beads 
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No special aseptic precautions* were taken to prevent bacterial contamination 
except tbat the pipettes used ivere dried witb alcobol-acetone mixture and the flasks 
in wbicb the blood was collected were previously stenbzed 

To save space, instead of giving full tables comprismg tbe details of the results, 
only a synopsis of tbe results obtamed are given above 

From tbe above results, tbe following important facts become clearly evident — 


Glycolysis at 37 “(7 

1 In defibrmated blood samples tbe rate of glycolysis was found to be very 
bigb durmg tbe first 3 bours, resulting m a marked decrease in tbe original blood- 
sugar content Tbe rate of glycolysis during tbe next. 3 bours was comparatively 
slower 

2 In tbe oxalated samples of blood on tbe other band tbe rate of glycolysis 
was comparatively slower dimng tbe first 3 bours and bigber during tbe next 3 bours 
Tbe net result was therefore tbat tbe total loss of sugar in either of these two 
samples was more or less tbe same at tbe end of 6 bours 

3 In tbe fluonde samples of blood, however, tbe rate of glycolysis was found 
to be markedly less throughout tbe whole period of observation as compared with 
either tbe defibrmated or tbe oxalated samples 

Tbe average of tbe total loss of sugar at tbe end of 6 bours was about — 

77 7 mg per 100 c c in defibrmated blood 

713 ,, ,, ,, ,, ,, oxalated ,, 

19 3 „ „ „ „ „ fluoride 


Glycolysis at room temperature (23'’(7 to 29°C ) 

1 In tbe defibrmated samples of blood tbe rate of glycolysis was bigber than 
tbat of tbe oxalated samples throughout so tbat at tbe end of 6 hours tbe total loss 
of sugar m the defibrmated samples was defimtely more than tbat of the oxalated 
Tbe rate of glycolysis appeared to be more or less uniform durmg most of tbe period 

2 In oxalated samples tbe rate of glycolysis was slower than tbat of tbe 
defibrmated samples Oxalated samples show a somewhat slower rate of glyco- 
lysis during tbe first 2 bours than that of tbe subsequent period 

3 In fluoride samples of blood tbe rate of glycolysis as stated before was 
found to be tbe lowest 

The average of the total loss of sugar at tbe end of 6 bours was about — 

713 mg per 100 c c in defibrmated blood 
1 53 5 „ „ „ „ „ oxalated „ 

90 „ „ „ „ „ fluonde 


* ralcon Lessea (loc cit ) has shown that aseptic precaution does not alter the result Tolst 
{loc ci( ) also observed that bacterial contamination does not effect the results during the expenmcn a 
periods of 24 hours 
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Glycolysis at 4°0 

] In defibnaated samples the rate of glycolysis though markedly depressed 
than what was observed either at 37°C or at room temperature was, however, still 
defimtely higher than that of the oxalated samples The rate of glycolysis appears 
to increase to some extent after 4 hours 

2 In gxalated samples the average rate of glycolysis was, as stated before, 
definitely slower than that of the defibrmated samples The rate of glycolysis was, 
liowever, more or less uniformly slow throughout 

3 In fluoride samples glycolysis was practically absent*, the blood-sugar 
lemaimng almost the same throughout the penod of observation 

The average of the total loss of sugar at the end of 6 hours was about — 

24 0 mg per 100 c c m defibrmated blood 
7 7 „ „ „ „ „ oxalated 

No loss m the fluoride blood 

In order to give a clear exposition of the above results, we have lepresented 
them graphically as above 

In order to study this subject more cntically we extended the period of 
our observation from 6 to 24 hours, 48 hours and sometimes up to 72 hours 
In this experiment we did not take into consideration the hourly chauges in 
the blood-sugar content as we had hitherto done but only noted the imtial 
blood-sugar level and the changes in the sugar content which took place at 
the end of 6 hours, 24 hours, 48 hours and 72 hours in a certain number 
of samplesf 

As before, to save space, we repiesent a synopsis of the results obtained m 
Table 11 


Glycolysis at ?>VC 

A casual observation of the results given in Table IT showed that the defibrmated 
samples of blood lost the greatest amoimt of sugar at the end of 6 hours at 
and the loss thereafter up to 24 or even 48 hours was practically negligible It also 
appeared that the defibrmated samples of blood at 37°C lost nearly the whole of 
its sugar content at the end of 24 hours and that there was no further loss even 
when blood samples were kept for another 24 hours 

In the case of oxalated samples of blood at 37°C the loss of sugar was also 
almost as rapid as m defibrmated blood, the major portion of the sugar content 
bemg lost within 6 hours and the loss thereafter was slower but complete at the 
end of 24 hours 


* In n few s'lmplc*) of the fluonde blood an actual increase in the sugar content (instead of 
decrease) was ob'sen ed at times The increase, however, was very small not exceedmg 1 nig m 
one hour 

t We should note here that the observation up to 72 hours could not be continued in all tlie 
samples of blood due to the specimens being unsuitable for further work owing to deterioration 
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The fluoride blood safliples at 37°C , hovrever, sho^ved entirely difierent results 
in that the loss in the sugar content at the end of 6 hours was markedly less as 
compared to either the defibnnated or the oxalated samples of blood The loss of 
sugar thereafter though it took place at a slower rate, however, continued tdl the 
end of 48 hours 

Glycolysis at room temperature 

It will be evident that the loss of sugar m defibrmated blood at room 
temperature was almost the same as at 37°C 

In the case of oxalated samples the loss of sugar was almost the same as at 
37°G with the only difference that there was a slow but continuous loss of sugar 
up to 48 hours 

In fluonde samples the amount of sugar lost durmg the first 6 hours was 
defimtely less than at 37°C The loss of sugar thereafter up to 24 or even 48 hours 
was practically neghgible 

Glycolysis at 4‘^C 

At 4°C , however, the loss of sugar m defibnnated samples durmg the first 
6 hours Was not so rapid as at 37°C or at room temperature The loss of sugar 
for the next 18 hours, i e from 6 to 24 hours, was very slow, the loss thereafter 
agam was rapid and oontmued up to the end of 48 hours The loss of sugar from 
48 to 72 hours is practically ml 

The loss of sugar in oxalated samples of blood was very gradual there being a 
marked contrast with the defibnnated sample at the same temperature up to 
48 hours but the loss of sugar from 48 to 72 hours was very rapid and reached 
almost the same level as in the case of defibnnated blood 

In fluonde samples of blood the results are very striking Here there was 
practically no loss of sugar at aU even up to the end of 48 hours 

Discussion of results 

Trom the data we have so far collected, it becomes clearly evident that when 
a sample of blood is allowed to stand, the sugar gradually disappears from it and 
that the rate of this disappearance of sugar depends on the method of collection 
and the temperature at which it is kept For instance, it will be seen that m the 
case of defibnnated blood samples, the rate of disappearance of sugar was very 
qmok particularly when the samples were either mcubated or left at room temperature 
Under such conditions it was found to lose about 70 per cent of its sugar content 
withm a penod of 6 hours Even when the defibrmated blood samples were kept 
at low temperature the loss of sugar was fairly considerable (above 20 mg m 
6 hours) 

In the case of oxalated samples at mcubation temperature the loss of sugar 
was almost as rapid as m defibrmated samples But at room temperature the rate 
of glycolysis m oxalated samples was slower than that of defibrmated samples 
first 6 hours The difference between the two samples at 4°C became more marke 
(bemg 7 7 mg m oxalated samples as agamst 24 mg m defibrmated samples) 



Graph 2 

At 37°C t. At room temperature (23°C to 29'’C ) 
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In the case of fluonde samples of blood the loss of^sugar at all temperatures 
v/as defimtely slower than that of either defibrmated”or oxalated samples At 
4°0 , however, the fluonde samples showed no loss of sugar at all Further it has 
been observed that the lower the temperature at which the samples of blood were 
kept the slower is the rate of loss of sugar 

Apart from the comparative loss of sugar in the diflerent samples of blood at 
different temperatures, the individual samples ■with the exception of the fluoride 
samples, showed rather widely^ divergent rates of glycolysis at the different 
temperatures For instance, as^ stated before, the defibnnated samples lost 77 7 
per cent of sugar at mcubation temperature, 71 3 per cent at room temperature 
and 24 per cent at 4°C withm 6 hours The oxalated samples lost 71 3 per cent at 
incubation temperature within the same period thus showmg httle difference with 
its predecessor as to the rate of glycolysis At room temperature, however, the 
loss of sugar m oxalated samples was defimtely less (63 6 per cent) At 4°C the 
oxalated samples lost only 7 7 per cent of sugar which was markedly less than 
the loss either at 37°C or at room temperature 

The fluoride samples of blood on the other hand showed qmte different residts, 
the loss of sugar m these samples bemg only 19 3 per cent at incubation temperature, 
9 mg per cent at room temperature and no loss of sugar at 4°C 


Total loss of suqab 

From the experiments carried out for 24 hours or more it becomes noticeable 
that the sugar value of some of the samples after coming doivn to certain hunt 
(20 mg to 30 mg per cent) did not go down any further even if the experiments 
were prolonged up to 48 or even 72 hours 

Thus, it appears that the maximum reduction of the sugar content in the case 
of defibnnated samples of blood both at 37°C and at room temperature takes place 
at the end of 6 hours only*, after which very shght or no further reduction takes 
place even if the samples are kept up to 48 hours 

In the case of the oxalated samples, however, at 37°C the maximum loss 
in the sugar content takes place at the end of 24 hours and if the samples are 
kept for another 24 hours, there is no further loss At room temperature though 
the loss of sugar almost reaches the maximum at the end of 24 hours a slow loss 
still goes on till 48 hours after which no further loss appears to take place 

We have mentioned above that after the blood-sugar level reaches a maximum 
low value (between 20 mg and 30 mg per cent range) there is practically no further 
reduction in the blood-sugar value We have prolonged the experiment up to 
72 hours m a certain number of cases and found that even then there was no further 
change 

It IS difficult to offer suggestions as to the significance of the above findings 
It IS probable that the sugar content of the blood is capable of reduction up to a 


* The blood sugar value reaches a lunit of 20 mg to 30 mg per 100 o.o 
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certain optunum level (20 ing to 30 mg ) beyond whicb no further rednction takes 
place It appears that the reducing substance m the blood, vhich does not show 
any further change, is not glucose but some other uon glucose reducmg substance 
such as glutathione and theomne present in the blood There is plenty of evidence 
in the hteratnre that there is a small fraction of reducing substance present m the 
blood which has been proved to be non-glucose This substance has been shown 
to be fairly constant though opimon differs as to the exact amount of this non- 
glucose reducmg substance present m the blood 

Somogyi (1927) found the amount of this non-glucose reducmg substance 
m normal blood to be very umform, averaging 27 mg per 100 c c of blood m terms 
of glucose 

Falcon-Lesses (loc cit ) also showed that the non-glucose reducmg substance 
m human blood was constant and was 17 mg per 100 c c of blood 

De and Bhattacharyya (loc cit ) obsen’-ed that the non-glucose reducmg ^ 
substance m normal blood was 6 mg to 8 mg per 100 c c of blood 

As we have stated before there is a fairlv wide diversity of opimon as to the 
exact amount of non-glucose reducmg substance present m normal blood From 
the results we have so far obtained it appears to us that the average non-glucose 
reducmg substance present m normal blood is about 25 mg per 100 c c , we are thus 
inclmed to agree with the results obtamed by Somog}u [loc cit ) 


SuiBIAIlT AUD CONCLUSIONS 

1 The sugar content of blood imdergoes glycolysis if the samples are not 
exanuned at once 

The rate of glycolysis is ^ anable m different samples and no rate of gh colysis 
can be predicted 

2 The rate of glycolysis depends on the temperature at vhich tlie samples 
are kept and also on the anticoagulant that is used 

3 The samples collected without usmg any anticoagulant (such as defibnnated 
blood) show the greatest and qmckest loss of sugar 

4 The rate of glycolysis is defimtely high at higher temperatures and low at 
lower temperatures 

5 The rate of glycolysis is high when potassium oxalate is used as an 
anticoagulant and markedly low when fluonde is used 

6 It appears that the anticoagulants have some retarding effect on the' 
glycolysis of blood Of the two anticoagidants ve haye tried, fluonde to be 
one of choice for blood-sugar work 

7 There is a fairly constant amount of non-glucose reducmg substance present 
in the blood which does not undergo any further change The ayerage amount of 
this substance present is 25 mg per 100 c c 
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excitation the stimulating electrode was placed in position before mserting the 
perfusion cannulse, as the nerves rapidly lose excitabihty once the perfusion has 
begun In all these experiments hypertomc t}Tode solution was used (NaCl 0 8 g , 
KCl 0 02 g , CaCl 2 0 01 g , MgCl 2 0 01 g , NaH 2 P 04 0 005 g , NaHCOs 01 g /80 c c 
distilled water) Drugs were injected by a syringe in the rubber-tubing connected 
vith the inflow cannula 


Ei'I'ECT op nerve STUnJLATION. 

1 Tlie thoracic sympathetic — Electrical stimulation of the stellate ganghon 
was done in thirteen experiments In mne experiments there was a decrease m the 
rate of flow (Fig l-o), m three there was no effect and in one experiment, although 
no effect was seen m the beginning of the experiment, stimulation of the stellate 
ganghon after injection of OSOy eserme, caused an mcrease m the rate of flow 
although eserme by itself had appreciably decreased the flow It was further 
noticed that m four experiments previous mjection of 250y ergotamme abohshecl 
the effect of stimulation of the stellate ganglion (Fig 1-6) Atropme had no 
effect on the result of stimulation 


4 | •• 
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(a) [b) 

Flo ] 

1*10 ] — 20-4-41 — Eficct of stiuiulutioii ol the slolliito gungliou on rate of outflow 
from perfused gumea pig’s lungs Stellate ganglion stimulated between arrows (a) before 
ergotamme, (b) 8 mmutes after injection of 250y ergotamme In this and m Figs 2, 3, 
4, 6 and 6, upper traemg shows drop record of outflow, lower traomg time m mmutes 


The results of stmiidation of the stellate ganghon on the pulmonary vascular 
bed have been variable Tribe (1914) got either vasoconstriction or vasodilatation 
or t asoconstriction followed by weak vasodilatation m the cat Le Blanc and 
IVijugaarden (1924) got vasoconstnction m the cat Daly and Euler (1932) got 
\ asoconstriction in the dog Dale and Narayana (1935) got vasoconstriction in 
only one out of four experiments m the guinea-pig and they also observed that 
the effect of stimulation was abohshed by previous mjection of ergotamme The 
present series of experiments go to prove definitely that stimulation of the stellate 
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ganglion causes pulmonary vasoconstriction and that this effect is ahohshed by 
ergotanune In the one experiment m which \ asoddatation was obtamed by 
stimulation of the stellate gangbon after previous injection of eserine, the dilatation 
was possibly the residt of the sympatlietic fibres brmgmg about bronchodilatation 
which was responsible for the observed vasodilatation It is natural therefore to 
conclude that m the thoracic sympathetic there exists vasomotor fibres gomg to the 
pulmonary vascular bed The existence of \ asodilator fibres could not be proved 

2 The logi — ^Electncal stimulation of the vagi was done in se\ enteen 
expenments In thirteen experiments no effect was observed and m four there 
was definite decrease in the rate of flow showing pulmonary vasocoustnction 
(Fig 2-«) Injection of even flOy atropine suppressed this effect (Fig 2-6) 
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Pia 2 — ^28 3-41 — ^Abolition of vngns effect bv atropme Vagos stimulated between 
arrows (a) before atropine, (6) 7 minutes after mjection of 30y atropme 


The present work thus gives support to the observation of Dale and FTarayana 
(loc cit ) on the gumea-pig, of Eider (1932) on the rabbit and of Daly and Euler 
‘‘Joe cit ) on the dog, and one can conclude that the vagi also carry vasoconstrictor 
fibres to the pulmonary blood x essels m the gumea-pig It is, however, possible 
that under the conditions of the experiment the vasoconstrictor fibres of the vagus 
ceases to function more quickly than those of the thoracic sympathetic or possibly 
there also exists vasoddator fibres in the vagus which masks the constnetor effect 


Action of drugs 

1 Actwn of adrenaline — ^In seven expenments m which adrenabne was 
injected, six showed a decrease in the number of drops whereas one showed an 
increase (Fig Z-a) Injection of ergotimine abolished the effect of adrenabne 
(Fig 3-6) 
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4 Action~qf e) gotamine — ^Nine expenments ■were done ■with ergotamine and 
it was noticed that in doses ranging from 26y to 2507 ergotamine showed vasocon- 
stnctor effect m seven and no effect in two (Fig 6) 



7 ^ 
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Fia G 

Fro 0 — FfTcot of ergotamine on outflow fiom 
pel fined guinea pig’a lungs 250y ergotamine 
mjioled at aiuni 


Summary 

1 Excitation of the stellate ganglion or injection of adrenahne causes 
vasoconstriction In both cases the effect is abohshed by ergotannne 

2 Excitation of cervical vagi or injection of acetylcholine causes vasocoiis- 
■triction In both cases the effect is abolished by'atropine and not enhanced by 
eserine in the case of acetylcholme 

3 Injection of either ergotamine or esenne causes vasoconstriction 
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Introduction 

Enlargement of the heart m cases of severe anserma has been recognized for 
many years, but no attempts to confirm the findings radiologically had been made 
till 1931, when Ball reported his first case of ansemia, due to bleeding fibroids, 
presenting a big heart, which receded on improvement of ansemia There was no 
large senes of cases, examined by tele-radiograms, defmonstratmg cardiac enlarge- 
ment with subsequent reduction on improvement of ansemia, when these observa- 
tions were started Smee then, however, one report by Porter and Richmond (1937) 
has appeared demonstratmg cardiac enlargement m cases of ankylostomiasis 

One of the important objects m undertakmg this work was to judge precisely 
the part played by ansemia m produemg permanent enlargement of the heart With 
this object m view cases have been followed for months after their discharge from 
the hospital 

Technique 

1 Selection of cases — Cases of very severe ansemia only, likely to give a total 
red count of a milhon r b c per c mm or less, were selected- Ankylostome cases 
were preferred because they showed ansemia of varymg grades of seventy, are 
mostly free from other comphcations and the ansemia can be rapidly improved 
However, other types of ansemia were not excluded and thus the report is fairly 
representative of the abnormal conditions prevalent in this part of India 

Cases of anserma with ascites, or those due to nephritis, were excluded 
Pregnancy ansemias also were not taken mto consideration because in aU these 

J, MR ( 129 ) 9 
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cardiac findings are affected by the di'jplaceinent of the heart due to distended 
abdomen 

2 ExamimiUon of cases — detailed history of the patient was taken on 
admission inquiring about his family history, habits and past illnesses, particularly 
malaria and dysentery, and then noting his present complaint with the sequence of 
events leadmg to the present condition 

A detailed chmcal examination of the patient was then undertaken and the 
necessary laboratory mvestigations carried out These primary records were 
obtained as early as possible mostly within the first three days of admission and 
later on repeated frequently 

(а) Apex beat — The apex beat was not recorded m relation to mpple hne, but 
the distance of the apex from the mid-sternal hne was measured The measurement 
was done tangentially to the anterior chest-wall and not circumferentially around 
the chest (White, 1937) 

(б) Blood studies — ^AJl blood studies were carried out by usmg countmg 
chambers and pipettes certified by the Umted States Bureau of Standards The 
haemoglobin estimations were done with Hellige’s haemometer usmg Sahh’s (1895) 
standardised scale, so that 14 5 g were eqmvalent to 100 per cent CWintrobe, 1930) 

The Hellige’s instrument was selected because it has non-fadmg colour prisms 
and not flmd the tmt of which alters with age The blood studies were always 
done at eight in the mormng before the patients had anything to eat 

The following blood investigations were carried out as a routine and repeated 
bi-weekly or weekly, certam exaimnations hke reticulocyte count bemg done daily 
while the patient was gettmg vigorous anti-anaemic treatment 

1 R b c count per c mm 

2 Hmmoglobin percentage (Hellige’s instrument, Sahh’s scale) 

3 Colom mdex 

4 Average red cell diameter by Eves’ halometer 

5 "W b c count per cm 

6 Differential w b c count per cm 

7 Reticulocyte count by cresyl-blue method of staining 

8 General picture of the blood film 

(c) Examination of stools — Stools were exammed m every case of anasmia and 
three examinations, including one by concentration flotation method, were 
done before ruhng out the possibihty of ankylostome infection 

(d) Gastnc analysis, van den Bergh’s reaction and Wassermann reaction 
were also done in each case 

(e) The size of the heart was determined at the beginrung and at the end of the 
period of observation by means of tele-radiograms taken with patient in erect 
posture Patient was instructed to take shallow breaths and the operator waited 
until imtial excitation had passed of The patient was then instructed to hold his 
breath in mid-inspiration and the plate exposed 
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The electro-cardiograms irere made under standard conditions m the X-r&j 
Department of Kmg George’s Hospital mth the patient m recumbent position 

Transi erse diameter iras taken as the criterion for the heart size, because the 
vahdity of transverse diameter as an index of the size of the heart has been attested 
by a senes of vrorkers Bardeen (1918) Hodees and Eyster^l926), Bedford and 
Tkeadgold (1931), Treadgold and Burton (1932) and finally Joseph (1933) have aU 
one after the other shown that transverse diameter of the heart is a true index of 
its size 

Observations 

The foUowmg pages contain the vanous observations presented m a tabular 
form and lUustrated graphically and by tele-radiograms 

Size of the heart 

The outstanding feature m almost all cases was the enlargement of the trans- 
verse diameter of the heart as compared to predicted normal (the normal transverse 
diameter for each case was adopted after the prediction tables of Hodges and Eyster, 
he cit ) A studv of Table I illustrates this well — 

Table I 


Enlargement of the heart in cases of ancemia 


\ 

Reference 
nnm^r 1 

( 

Transverse 

diameter, 

cm. 

Predioted 
normal trans 
[ verse diameter, 
cm 

Enlargement, 

om 

Type of ansemia 

Hh, 

per cent 

1 

13 6 

1 

10 9 

27 

Hyperchromic 

18 

2 

17 1 

11-0 

6 1 

tt 

11 

3 

16 6 

11 4 

1 

62 

1 

Hypochromic 

23 

4 

17 1 

11 1 

60 

Hyperchromic 

20 

« 

6 

14 3 

10 8 

35 

• 

23 

6 

14 7 

1 

11-0 

37 

1 r» 

16 

7 

16-0 

11 4 

] 

36 

1 Hypochromic 

! 

14 



132 


Size of Heart in Seveie Ancemia 


Table I — conoid 


Eefertnce 

number 

Tran8\ erse 
diameter, 
cm 

Predicted 
normal trans 
\erse diameter, 
cm 

Enlargement, 

cm 

Type of anaimia 

Hb, 

per cent 

8 

13 2 

11 2 

20 

Hypochromic 

36 

9 

13 2 

11 1 

2 1 

99 

28 

10 

14 4 

11 0 

34 

Hyperohromic 

13 

11 

14 8 

114 

34 

f9 

11 

12 

12 1 

10 7 

1 4 

99 

30 

14 

13 3 

11 3 

20 

Hypochromic 

27 

16 

13 7 

110 

21 

Hyperchromio 

62 

16 

117 

10 7 

1 0 

Hypochromio 

25 

17 

12 7 

10 8 

1 9 

99 

13 

18 

12 4 

10 9 

16 

99 

20 

19 

12 9 

10 8 

2 1 

» 

22 

20 

11 0 

112 

04 

Hyperchromio 

46 

21 

13 5 

112 

23 

99 

69 

22 

12 9 

11 0 

19 

99 

22 

23 

13 3 

11 0 

23 

Hypochromic 

31 

24 

14 7 

11 3 

34 

Hyperchromio 

44 

25 

12 0 

11 0 

1 0 

Hypochromic 

14 

20 

11 0 

11 2 

04 

Hyperchromio 

42 

27 

13 6 

10 8 

28 

99 

27 

28 

M 

10 9 

2 8 Jess 

Hypochromio 

GO 

29 

139 

11 0 

29 

99 

14 

30 

0 

14 8 

11 4 

34 

99 

18 

31 

11 2 

Data m complete 


Hyperchromio 

18 

32 

92 

10 6 

1 4 less 

Hypochromic 

29 

33 

09 

Data incomplete 


»y 

43 

34 

10 8 

10 5 

03 

99 

43 

35 

8 7 

Data incomplete 


HjTierchromio 

65 
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Note — In calculating tlie transverse diameter from tables of Hodges and 
Eyster when — 

(а) weight of tlie patient was sbghtly less than 50 kg , the transverse diameter 

has been calculated on the basis of 50 kg , 

(б) height of the patient was slightly less than 150 cm., the transverse 

diameter has been calculated on the basis of 160 cm. , and when 
(c) both weight and height were below 60 kg and 160 cm respectively, no 
readmg has been recorded 

(t) Table I distmctly shows that, with the exception of cases 28 and 32, no 
case of ansemia showed a normal transverse diameter of the heart The enlarge 
ment varied from a small enlargement of 0 3 cm (case 34) to a great enlargement 
of 6 1 cm m one (case 2) and 6 cm m another (case 4) 

{ii) The other findin g that is apparent, on a closer examination of the table, 
IS the variation m the grade of enlargement m difierent types of anaemia The 
cases of hyperchromic group show a distmctly greater enlargement m the transverse 
diameter of the heart than the cases of hypochromic group This fact which had so 
far not attracted attention is weU dlustrated by the foUowmg tables and graphs — 

Table II 

Percentage of cases of different types of ancemia 
showing entargeinent of various grades 


Amount of 
mcrease m 
transrerso 
diameter, cm. 

1 

Percentage of 
liyperchromio 
group 

Percentage of 
hypochromio 
group 

0-1 

1 

1 

1 

' 18 8 

70 

1-2 

12 2 

429 

2-3 

258 

1 

25 0 

3-4 

31 3 

14 3 


Thus, we find that m aximum number of cases, i e 42 9 per cent in hypochromic 
group, show an enlargement between 1 cm and 2 cm , while the maximum number 
of cases, i e 31 3 per cent m hyperchromic, show an enlargement betv een 3 cm to 
4 cm and another 25 8 per cent between 2 cm and 3 cm Ths shows that greater 
enlargement of the heart is more commonly found in hyperchromic group 
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Giaph 1 illustrates the above findings — 

Graph 1 

Companson of cardiac enlargement in hypercJiromic and 
hypochromic group of arusniias 



Relation of cardiac enlargement to percentage of hcemoglobin 

Forman and Darnels (1930) were amongst the earhest workers to have observed 
the relation between Hb percentage and the size of the heart They observed, 
while studying the effects of certam foods on anaemia m rats, that the hearts of 
those with low hemoglobin values were considerably larger than the hearts of normal 
ammals In the present series of observations it has been noticed that m human 
beings as well there is a defimte relation between the size of the heart and 
hmmoglobm percentage as shown m Table III — 


Table III 

Relation betiveen hcemoglobin percentage and cardiac enlargement 
BoWeen 10 and 16 per cent hiemoglobm, the increase is 3 3 cm on an average 


»» 

16 

„ 20 

t 

99 

99 

3 6 „ 

99 

»> 

21 

„ 26 

, 

99 

99 

2 7 „ 

r* 


26 

„ 30 


9 

9 

2] „ 

9 * 

»» 

31 

„ 36 


9 

99 

21 „ 

9 

( 

36 

„ 46 


9 

« 

1 1 , 

99 
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In other words, there as an inverse relation between the hfemoglobin percentage 
and the enlargement in the size of the heart 

The above findings mav be represented as given m Graph 2 — 

Graph 2 


Relation between percentage of kanwglobin and 
cardiac enlargement 



Amongst hyperchromic group of ansenua as well (considermg them as a 
separate class) we find the same relation between hsemoglobm and the size of the 
heart 

Table IV. 


Relation between percentage of heemoglobin and the size of heart 
in hyperchromic group 


In cases between 10 

and 15 per 

cent 

Hb increase 

IS 43 

cm on an average 

„ , 16 

„ 20 

rt 

»» 

41 

»> n 

, 21 

„ 25 

jy 

»? 

2 7 

** tt 

»» If 

„ 30 

jy 


2 1 

ft i 
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Below IS a graphic representation of the above statement (Graph 3) — 


Graph 3 


Relatton between Hb peiceniage and the cardiac 
cplarqement in hyperchomic group 
of ancemia 



Percentage of haemoglobin. 


Relation of cardiac enlargement with anhyJdstome infection 

The cases with ankylostome infection do not present any special feature as 
regards the enlargement of the heart, as shown below In fact the enlargement 
IS slightly more marked in non-ankylostome group The lower grades of enlarge- 
ment are more common m ankylostome group 37 6 per cent ankylostome cases 
show an enlargement between 2 cm and 3 cm as against 14 3 per cent of non- 
ankylostome cases But when enlargement above 3 cm is considered, it is found 
that 42 9 per cent of cases present this big mlargement in non-ankjdostome group 
as agamst 25 per cent of the other 



P C Giifta 

Table V 


137 


Companion of cardiac enlargement in anlylostome 
and non-anLglostome case"! 


Amount of 
enlargement, 
cm 

Number 
of eases 

Percentage of 
ankvlostome 
cases 

Number 
of cases 

Percentage of 
non ankvlostome 
cases 

0-1 

1 

63 

4 

28 6 

1-2 

6 

31 3 

2 

14 3 

2-3 

6 

37 6 

2 

14 3 

3-^ 

3 

18 7 

4 

28 6 

4-6 

0 

0 

0 

0 

6-6 

1 

63 

2 

14 3 


Thus, vre see that as greater enlargement of the heart is approached, the 
percentage of non-ankylostome cases who show this preponderates, though when 
we consider smaller degrees of enlargement, greater number of ankylostonie group 
of cases show it 


Recession in the transverse diameter of the heart with the 
improvement of ancenna 

Though the cardiac enlargement in cases of severe anaemia was reported 
upon by various workers, no one had followed the recession in the size of the 
heart as the cases improved till 1931, when Ball [loc cit ) reported his first case 
of cardiac enlargement due to aniemia with subsequent recession on improvement 
of blood picture References m hterature on this subject seem to be \ery scanty 
even to-day 

This matter has, therefore, been a matter of special inquiry by the writer, and 
an attempt has been made, m the present senes of observations, to record and 
elucidate the recession in cardiac enlargement as a result of improi enient in the 
auBemia 
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Two tele-radiograms showmg the cardiac diameter on admission and on 
discharge are given in Plate I The figures given are composed of the first and 
the last tele-radiograms the latter bemg super-imposed on the former and bemg 
indicated by the dotted Imes As some degree of accuracy is sacrificed by the 
adoption of this method for illustrative purposes, the actual measurements of the 
ongmal are given below each figure 

The rest of the tele-radiograms are not reproduced because it will take a large 
space, but the transverse diameter on admission and discharge along with the 
recession that occurred is given m Table VI 

A study of the precedmg tele-radiograms and Table VI wiU show that cases of 
anemm on imjrrovem&it of blood jnctwe shotv a lecession in the size of the heart — 

Table VI 


Recession tn the transveise diameter of the heart 
witJi the improvement of ancemia 


Reference 

number 

Tranaverae 
diameter on 
admisaion, 
cm 

1 

Transverse 
diameter on 
discharge, 
cm 

Penod of 
obsen’ations, 
days 

Recession, 

cm 

1 

1 

13 6 

CO 

CO 

43 

Ntl 

2 

17 1 

12 4 

146 

47 

3 

16 6 

16 6 

' 31 


4 

17 1 

16 1 

35 

\ 

1 0 

6 

14 3 

11 9 

118 

24 

6 

14 7 

12 7 

I 1 

111 

20 

10 

14 4 

1 

13 3 

60 

1 1 

12 

12 1 

10 9 

44 

1 2 

13 

13 2 

12 6 

26 

06 

14 

1 13 3 

13 0 

36 

03 , 

15 

13 7 

13 0 

28 

1 

07 





F>g I 


Date 

1 

R b c per 
cm 

Hb 

1 per cent 

1 Colour 
index 

Transverse 

1 diameter, 

1 cm 

19th February 

665,000 

j 23 

i 17 

1 14 3 

10th June 

, 2,950,000 

bo 

1 4 

11 9 



Date 


R b c per 
cm 


Hb 

per cent 


Colour 

mclex 


Transverse 

diameter 


13 


17th April 
ith June 


540 000 
3,100,000 


1 2 
1 2 


14 4 
13 3 






P C Gfipia 139 


Table VI — toncld 


Ecfercuce 

number 

Transverse 
diameter on 
admission, 
cm 

"T 

Transi erse i 
diameter on 
discharge, 
em 1 

Period of 
observations, 
days 

Recession, 

cm 

1C 

11 7 

11 0 

26 

07 

IS 

12 4 

11 G j 

35 

08 

10 

12 9 

123 1 

37 

06 

20 

12 0 

11 6 ' 

31 

04 

21 

13 5 

12 6 ' 

62 

09 

22 

12 9 

No improvement, hence not repeated 

1 

25 

12 6 

12 4 

32 

02 

26 

11 6 

113 1 

1 

36 

03 

27 

13 C 

12 7 

36 

0-9 

2S 

81 

' Recorded because of small size of the heart 

29 

13-9 

1 119 

1 

1 

21 

20 


S umma nziTig the above, vre find — 


• 

j Per cent. 

No recession 




53 

Recession between 

0 1 cm 

and 0*5 

cm 

21 0 

. 

06 

, ' 10 

ft 

421 

ft t 

1 1 

2-0 

ft 

210 

ft 1* 

21 

„ 3-0 

rr 

53 


3 1 

40 


0 


41 

5-0 


53 


Thus, on a survey of Table VI ve find that recession in the size of the heart on 
improvement of antenna is a fairly constant finding The majoniy of cases, 68 4 
per cent, shov- a reduction below 1 cm , about 21 0 per cent between 1 cm and 2 cm 
and not more than 5 3 per cent 3 cm or over 
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Eole of anemia in the etiology of heart failure 

On comparison of the size of heart of these cases after improvement of anffimia 
with the predicted normals for each of these, as is done below, it is found that aiwma 
plays an important role in producing cardiac enlargement 


Table VII 


Amount of residval enlargement 


1 

Reference ! 
number j 

Ago, i 
1 years j 

: 1 
1 

Blood 

1 pleasure 

■ 1 

i 

Predicted 
normal T D , 
cm 

Actual 
transrerso 
diameter on 
rebef, cm 

Residual 

enlargement, 

cm 

1 

1 ! 

1 

30 

102,60 

11 2 

13 0 

24 

2 

28 

113,60 

11 0 

12 4 

14 

3 1 

65 

154,66 

11 6 

16 0 

50 

4 

45 

104,40 

114 

161 

47 

6 

26 

110,00 

10 9 

11 9 

10 

C 

20 , 

120,65 

no 

12 7 

17 

10 

1 07 1 

i 1 

108,66 i 

113 i 

13 3 

20 

12 

21 

120,60 

11 0 

10 9 

01 

13 

47 

130,86 

11 3 

12 6 

1 3 

14 1 

28 j 

120,66 

11 6 j 

13 0 { 

14 

15 

42 

130,82 

11 6 

13 0 

14 

10 

13 1 

136,70 

10 8 

11 0 

- j 

02 

18 

40 

128,78 

10 9 

no 

07 

19 1 

20 

110,02 

no 

12 3 

1 3 

20 

30 

110,76 

114 

116 

02 

21 

31 1 

110,78 

11 4 

12 0 

12 

25 1 

17 

116,46 

' 11 2 

' 12 4 

1 2 

20 

35 

95,46 

11 6 

11 3 

Nil 

27 

27 

105,62 

11 2 

12 7 

1 6 

29 

30 

135,68 

11 3 

11 9 

06 


A survey of Table AT!! shows that a certam amount of enlaigeraent may persist 
even after the blood picture has returned to normal. 
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This suggests tint anaemia may he a cause of permanently enlarged hearts 


Discussion and eeference to iiteeature 

Cases of se^ere anromia mth enlargement of the heart, detected on chmcal 
esammation by percussion have been reported in \ery early bteratuie (Gautier, 
1899), but there vas no obser^ ation except that of Ball (loc at ) illustrating the 
cardiac enlargement in cases of anseinia, crith subsequent recession on improvement 
of the blood picture illustrated by tele-radiography when the present series of 
observations were started Ever since then however observations on the size of 
the heart m ankylostomiasis both on admission and after improvement have been 
recorded by Porter and Eichmond (loc at ) 

One of the earhest observations on the size of the heart was those of Gautier 
{loc at ) who found cardiac enlargement on percussion m twenty out of twenty-two 
patients with severe chlorosis 

Later on, pernicious anserma was found to give a large heart Kraus (1905) 
found cardiac enlargement on percussion m 30 of his 47 cases of permcious 
ansemia Large hearts unexplamed by valvular lesions or hypertension were 
found by WaUgren (1922) in six out of seven of his cases, and by Cabot (1926) m 
twenty-two of twenty-three cases of permcious amemia On necropsy, Stneck (1924) 
had reported that thirty per cent of a senes of 165 patients with permcious anserma 
had enlarged hearts Goldstem and Boas (1927) have analysed their observations 
at Slontefiore Hospital and report that out of 39 patients 23 had enlargement 
of the heart mostly to the left and occasionally to the nght, as determmed by 
percussion In six cases, the observation of enlargement was verified objectively 
by tele-radiogram All the 12 cases which came to necropsy showed cardiac 
dilatation The dilatation involved all the chambers of the heart mcludmg the 
pulmonary conus m 4 cases 

In the present series of cases, it has been clearly shown that cases of anBerma do 
present de&utely generalized cardiac enlargement as demonstrated by tele-radio- 
graphy (Table I) and that this enlargement recedes to a considerable extent on 
improvement of anserma (Table VI) 

So far there had been no attempts to judge if the hearts in difierent types of 
ansenna behaved differently The above cases were separated into hyperchrormc 
and hypochronnc group, and it has been found on analysis that cases of hyperchromic 
group present a greater degree of cardiac enlargement (Table 11) 

Eegardmg the functional efficiency of enlarged hearts if it is agreed that an 
enlarged heart is a diseased heart, the deduction that the enlarged hearts of 
those who have suffered from severe ansemia are diseased, will not be far-fetched 
It would be interesting to observe how such hearts react to the effects of atre 
and of acute illness 

On general prmciples, it seems logical to assume that such cases have 
a permanently lowered myocardial efficiency and are, therefore more liable to 
myocardial fadure than healthy hearts 
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From tlie figures in Table Vll it appears that an absolute return to normal 
size IS exceptional This may, however, partly be due to the fact that the follow- 
up work could not be extended to more than a few months, and, therefore, the 
comparison and contrast could not be made at a stage when health and blood had 
completely returned to normal ^ It is, however, possible that in many advanced 
cases with degenerative changes m the myocardium, persistent residual defects 
are left in the shape of some cardiac enlargement, and decreased myocardial 
efficiency 

Further work seenm^ necessary to assess the efficiency of hearts permanently 
enlarged after ansemia, but in any case such hearts would give rise to the problems 
of diagnosis 

Regarding the cause of this enlargement, there have been held vanous -views 
by different workers Ludke and Schuller (1910) produced enlargement of the 
heart in dogs by rendering them ansemic, and Forman and Darnels (loc at ) while 
studymg the efiect of certam foods on anaemia in rats observed that the hearts of 
those -with low haemoglobin -were considerably larger than the hearts of normal 
animals 

Fahr and Rhonzone (1922) and Bonchut and Froment (1934) attribute cardiac 
hypertrophy to increased amount of work that the heart is called upon to do in 
anaemias They maintain that though the -viscosity of blood is always lowered and 
resistance to circulation correspondingly dimimshed, thus apparently giving less 
work to the heart, yet it is really not so, because in order to mamtam the oxygen 
exchange despite the enfeebled blood, a gieatly increased rate of current is required 
This must lead to tachycardia and -with it the diastohc size of the heart must 
increase Thus, both tachycardia and enlargement of the heart are usually found 
in ansenua Porter and Richmond {loc at ) have described this enlargement in 
two stages, the -first being physiological enlargement, which, if aneemia persists 
passes into the second stage of hypertrophy of the myocardium The size in 
the first stage is reducible, while from the second stage it recedes but httle 

Lewis and Durry (1923) and Goldstem and Boas {loc at ) attnbute this 
enlargement of the heart to msufficient blood supply to the organ 

It IS difficult to say to what extent the two factors, i e dilatation due to 
insufficient blood supply to the myocardium and hypertrophy consequent upon 
excessive work, are responsible for the cardiac enlargement, because very few cases 
of anaemia treated on modern hnes come -to the post-mortem table 

However, it seems e-vident that dilatation must play the major part, because 
hypertrophy alone, however marked, is not hkely to give an increase of 4 cm to 
6 cm m the diameters of the heart, and if once this change had occurred, it wouk 
not be a reversible one 

In the present series, in a fair number of cases, the heart was biggei than 
normal by 3 cm to 5 cm , and m most of these, the size receded considerably on 
improvement of the aneemia, thus showmg that dilatation and not hypertrop T 
was the onginal change 
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SUSIMARY ARD CONCLUSIONS 

Cases of se^ ere anajmia occurring m this pro\uiice were investigated from tlie 
point of new of cardiac findings particularly the size of the heart Cases were 
first examined chmcally in detail, and later on subjected to tele-radiography and 
electro-cardiography Important laboratorj'^ investigations hke blood count, 
stools exannnation gastric analysis etc , were also carried out 

The amemia was then removed by appropriate treatment and detailed 
examination as above earned out agam and the two findmgs compared They 
were then asked to report themselves and thus cases were followed for 6 to 6 months 
Tlie followmg conclusions haae been drawn — 

1 That cases of severe ansemia with as low a count as half a million red 

cells and 11 per cent hsemoglobm are frequently met with 

2 That a fair number of these belong to hyperchromic group, but are not 

cases of permcious anffimia 

3 That a vast majority of these cases of severe ansenua present cardiac 

^ enlargement as detected by tele-radiography 

4 That cardiac enlargement is more marked in hyperchronne group 

6 That there is a considerable recession in the size of the heart, as demon- 
strated by tele-radiography, on improvement of anrerma 

6 That the size of the heart after a severe attack of anaerma does not 

return to normal for many months raismg the question of whether 
it ever does so Thus, anaemia may leave a permanently large 
heart 

7 It IS suggested, therefore, that such cases which have had severe anaerma 

may be more hable to suffer cardiac defeat from causes which would 
have been successfully combated by a normal heart 

8 That the enlargement of heart is most probably due to dilatation 

consequent upon deficient oxygen supply to the myocardium 
Hypertrophy due to mcreased work also plays some part but does 
not seem to be the most important factor 
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ilANY acute epidenuc diseases have more or less defimte seasonal Incidence 
In some cases, it is very marked, eg m diphthena and malana, while in 
others, it is relatively ill-defined, e g mfluenza Oftentimes the specific 
seasonal curve considerably vanes from place to place, e g cholera An 
examination of these epidemiological phenomena, m the hght of the Eetiolooy 
of the diseases, frequently offers a reasonable explanation but m other instances 
the reason for variation still remains undiscovered , at any rate, an attemnt 
to find an explanation is generally helpful to a better understand mg of the 
ffitiological factors 


J, jm 


( 145 ) 
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Epidemic Biopsy 


It IS a matter of general belief in Bengal that epidemic dropsy breaks out in 
an epidemic form durmg and immediately following the rains The following hst 
provides such examples from published literature — 


Time of moidence 


June-Jnly 

June-August 

July 

July-August > 

Rnmy season 

Majoritj' in mmy season 

July-November 

During and after rains 

Jlostly during and after i-ains 

Auguab-September 

August-September 

August-Novomber 

September 

September 

September 

Scptembcr-October 


Observer and year 


Banerji (1937) 

Anderson (1908) 

Brahmachan and Thakur (1926) 
Dalai (1929) 

McConnell (1879) 

Greig (1912) 

Mukherii (1930) 

j Megaw et al (1928) 

I 

I Chopra and Bliattacharjee 
I (1936) 

Naime (1879) 

Anderson (1927) 

Alegar (1910) 

Calcj' (1878) 

I Alunro (1908) 

I 

Sarkar and Gupta (1927) 

i 

Dalej (1908) 


Place of moidence 


Cawnpore 

ComiUa ]ail 

Calcutta 

Rangoon 

Calcutta 

Calcutta 

Burdwan 

Calcutta, Howrah, Jessore and 
Sandwip 

Carmichael Hospital, Calcutta 

South Sylhet 

Kalna 

Presidency General Hospital 
Calcutta 

Alayo Hospital, Calcutta 

Darjeehng 

Sandwip 

Alipur Reformatory School 
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However there are other instances where outhreaks some of which were of 
considerable size hn^ e occurred during the inntei or spring Of these the following 
examples mav be quoted — 


Time of incidence 

1 

Obsener and \iar 

Place of mcidence 

1 

1 

1 

Octolier j 

1 

^IcLeod 

Shfllong 

October-December j 

Baiierjee (1929) 

Birbhum 

October-Apnl 

0 Bnen (1S79) ^ 

Shillong 

Xovemtier-December , 

Sarkar (1915) ^ 

Muragacha 

1 

Xovember-Becember 1 

McLeod (IbSl) | 

Calcutta 

XoTember-AIarch 1 

BraUiuathan (1923) | 

1 

Knalmanagar 

IJttcember-JantiarY 

Bhowmic and Sarkar (1920) j 

Malda jail 

1 

Cold ceason | 

1 

Dutt (1924) 1 

1 

Bastee and Malda jail 

Cold season I 

1 McLeod (1893) | 

‘ 1 

Sylhet 

Cold season i 

1 

McLeod (1893) 

1 Calcutta 

Cold season 

( 

Greig (1912) 1 

Calcutta (1878-79) 

Larger nninber of cases between 
Tanuarv and March 

Dutt (1930) 

Backergan] District 

January-April 

Banerjee (192S) I 

1 Allahabad 

j 

Febrnary 

McLeod (1893) ^ 

Dacca, 

1 cbruarv- -Vpiil 

Ghosh (1028) 

Allahabad 

April 

Sarkar (191 S) 

! 

1 Bhanbad 

1 
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Epidemic Dropsy 


Chopra and Bhattacharjee (1935) have drawn attention to the seasonal incidence 
of the disease They obtained a iimmodal cunn commencing its ascent in July, 
reachmg the fastigium rapidly in the followmg month and then sharply dechning 
for a while bnt later on following a gradual downward course and touching the 
abscissa in April This curve more or less represents the experience of the first 
group It IS based on the number of admissions in the Carnuchael Hospital for 
Tropical Diseases during the period 1922 to 1933 Possibly the hospital admissions 
are a correct expression of the actual prevalence m Calcutta However, a closer 
scrutmy of the data reveals the fact that the big epidemics of the two years 1926 
and 1932, which contributed 39 and 23 cases respectively out of a total of 131, 
largely donunate this expenence and determine the particular form of the curve, 
the contnbution of other years, which on an average did not exceed seven, had 
little influence on the shape of the cimm It was, therefore, considered desirable 
to investigate further the nature of seasonal variation of the disease in the hght 
of the knowledge now available 

In Graph 1 are depicted the number of cases adnutted in the same hospital 
during the period January 1934 to 1940 according to the month of attack It will 
be seen that this curve, which is based on a total of 144 cases, is s imil ar to the curve 
descnbed by Chopra and Bhattacharjee (Zoc cit ) but differs from it m nnnor 
details Thus, the ascent begms a month earher, the fastigium is also reached a 
month earher, the dechne is more rapid, there is a small second peak in Febniary 
and at no time does the curve touch the abscissa This experience mcliides a 
year (1935) of high incidence (50) but no year or years do min ate the picture to 
the same extent as in Chopra’s data, because the incidence m four of the remaining 
SIX years is not so low and the experience of mdividual years is more or less similar 
to that of 1935 except that the vernal rise is more pronounced 

In Graph 2 are presented two curves based on the combmed records of published 
reports The contmuous hue represents seasonal mcidence of cases and the broken 
line the number of outbreaks haATiig their peak m the respective months In some 
of the reports, only an approximate penod such as a quarter of the year is given 
and these had to be excluded It will be seen that there is a remaikable similarity 
between the seasonal case curves m Graphs 1 and 2 The correspondence m the 
tvo curves of Graph 2 suggests that as a, rule the frequency of epidermc peaks 
follows the morbidity curve but epidenucs of greater magnitude occur during the 
rains than dunng the spring 

Data from another source have also been used for drawing a seasonal curve 
of morbidity (Graph 3), namely the reports of cases received from various health 
authorities in Bengal in response to a circular requesting the supply of mustard 
oil samples together with certain epidemiological details The general shape of the 
seasonal incidence curve is sinular to that of corresponding curves of Graphs 1 and 2, 
except that the ascent commences earher and the secondary rise is relatively small 
There is in this case a very close correspondence between the morbidity curve and 
the curve of frequency of peaks of epidemics The two cunms considered together 
shows that the data are composed mostly of small outbreaks particularly during the 
spring 



Number of cases 
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Graph 1 

SEASONAL INCIDENCE OF EPIDEMIC DROPSY 

Cazcs admitted iit Carmichael Hospital for Tropical Diseases, 1934 to 1940 rndusive 



Number of cases 



Jan Feb Mar April May June July Aug Sept Oct 


Number of outbreaks 




Number of cases 


Graph 3 

SEASONAL INCIDENCE OF EPIDEMIC DROPSY CASES AND OF 

PEAKS OF OUTBREAKS 

Combined data of outbreals reported by the local health authoniies 



Number of outbreaks^ 


Number of families affected 


152 


Efidermc Dropsy 


In the course of our investigations on tlie astiology of the disease we had 
occasion to study 23 epidemics of varying sizes in different places in Bengal and the 

Graph 4 

SEASONAL INCIDENCE OF EPIDEMIC DROPSY CASES AND OF 

FAMILIES AFFECTED 

Combined data of onihealis investigated by the authors and colleagues 



Jan Feb Kar April May June July Aug Sept Oct Nov Dec 


neighhounng proxunces The seasonal experience of our cases and of the frequency 
of peaks of epidemics are presented in Graph 4 These curves are entirely diflercnt 


Number of outbreaks 
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from those described previously This departure from the general experience and 
the irregularity of the curves would sugaest that the epidemics studied by us were 
not a random sample of the epidemics in general However these curves are of 
interest in showing that outbreaks of the disease may occur at any tune of the year 
and the off-season epidemics may at times be of considerable size 

From the above data it may be justifiable to conclude that epidemic dropsv 
IS subject to a definite seasonal incidence in Bengal and the neighbouring 
proMnces and Graph 2 ma'\ be accepted as the typical seasonal incidence 
curve The question may now be asked, what explanation, if any, does the 
Argemone mexicana contamination theory offer for this seasonal distribution ? 
Both the mustard and the Argemone mexicana plants are annuals The crop 
of the former is gathered during March , the seeds of the latter ripen m most * 
parts about the same tune or a little later New mustard seed appears in the 
market about April Allowmg a month or two for crushmg of seeds and for 
the manufacture and distribution of the new oil to consumers and an mterval 
of two or three weeks for the mcubation peiiod, the main seasonal rise m 
luly-August would appear to correspond with the consumption of the new od 
Though it IS a pure speculation, it is possible that the Argemone seeds bemg 
less plentiful later on, the contarmnation of the mustard seeds may be less 
frequent Besides it is known that the adulterated oil loses its potency on 
exposure to hght and air {vide Lai el at 1940 1941) to which it is subjected m 
the retail shops The secondary rise m the sprmg cannot be easily explamed 
Is it due to relapses occurrmg on account of the physiological state of the body 
favourable for the appearance of this disease syndrome ^ That this may be a 
possibdity IS suggested by the observation that the crops of cases m the spnng 
frequently foUow a sharp outbreak dnrmg the rams in the precedmg year 


AgKX O WLEDGSIEXT 

iVe are grateful to Brevet-Colonel Sir Ram Nath Chopra, i m s [Retd ), 
Director, School of Tropical Medicme, Calcutta, for permission to make use of the 
records of the Carmichael Hospital for Tropical Diseases 
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Introduction 

In spite of the popular belief that excessive and prolonged indulgence in hemp 
drugs leads to certam forms of mental disorder and crime of a violent nature, httle 
attempt has so far been made to study this question from its scientific aspects 
The conclusions of the Indian Hemp Drug Commission (1893-94) were at variance 
with the popular behef The Commission considered that ‘ Moderate use of these 
drugs produces no mjurious eSects except m persons with specially marked 
neurotic diathesis ExcessiAC use mdicates and mtensifies mental instabflity 
Moderate use produces no moral injury whatsoever ’ Ewens (1904) found that 
the form of mental disease classed in this country as ‘ toxic insamty ’ has a direct 
relation to excessive use of hemp drugs Robertson-iMilne (1906) and Dhunjibhoy 
(1927) also came to similar conclusions None of these workers, however, studied 
the bearing of these drugs on the prevalence of crime In this paper an attempt 
has been made to discuss the part played by poisons m general, and hemp 
drugs m particular, m producing mental instability and crime m India 

Besides the careful studies made on 1,500 cases of hemp drug addiction by the 
authors (Chopra and Chopra, 1939), mvestigations were earned out m almost aU 
the mental hospitals of India, where inmates sufiermg from toxic insamtv were 
exammed from time to tune and kept under observation for a number of "years 
The histones of most of the discharged cases of toxic insamtv were also studied 

( 155 ) 
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Cannabis sativa 


The cases m which hemp drugs were the apparent cause of insamty were studied 
individually and attempts were made to obtam all possible information with a view 
to determming how far the facts elicited were reasonably correct All doubtful 
cases were elimmated In this way it was possible to collect rehable data concern- 
mg 600 cases of hemp drug insamty 


Physiological and pathological changes in hemp dbhg 

INTOXICATION 

Chopra and Chopra {loc eit ) studied the efiects of hemp drugs on the central 
nervous system Since then further work has been done in tlus connection There 
IS httle doubt that Cannabis sativa, like other mtoxicants or nerve poisons, may 
give rise to an altered state of mind which m certain cases may simulate mania 
This drug is known to have a marked effect upon the mtellectual processes which 
become irregular, or even partially or totally suspended En passant it may he 
added that the higher centres, which are late in developing, are more sensitive 
and more prone to be influenced by narcotic drugs 

The effects upon the brain may manifest themselves m the foUowmg ways — 
{i) By causing certain geneial effects — These are more or less diffuse in nature 
and produce vague symptoms, which are common to all mtoxicants, e g euphona, 
dizziness, exhilaration and a feehng of rehef from worry, stram, etc 

{ii) Though then localized or specific action — Localized or speciabzed effect 
of drugs exhibit themselves in the case of special centres m the bram and are beheved 
to diffei m the case of each drug Thus, each narcotic drug is apt to cause certain 
special symptoms or derangement of mental faculties, m addition to the general 
effects, which are pecuhar to it 

It IS apparent, therefore, that in spite of the great dissirmlanty in the effects 
produced by substances which are capable of producing narcotic effects, there are 
certam chmcal features which are common to aU For this reason it is almost 
impossible to give a defimte picture or symptomatology of toxic msamty for eacn 
mdividual drug Mental derangement resultmg from the use of toxic substances is 
nothmg but the reaction on the part of cerebral cells whose regular activity is either 
held m abeyance or is perverted partially or totally There is a relaxation of control 
of the higher centres which allows the lower centres to come imder the influence o 
externa] abnormal excitations which may be different from the usual stimulation 
This reaction may be observed m one or more parts of the central nervous system, 
leading to differences m the symptoms produced Thus, it appears that a drug 
when it IS absorbed m the system does not add any new element to the bram There- 
fore, a drug simply excites or depresses the existmg trend of the rmnd or nienta 
aberrations if any Therefore, aU types of msamty resulting from intoxication 
through any drug whatsoever, are characterized by certain general symptoms, 
such as excitation of the organs of thought, sense of intoxication and incoherent 
ideas and actions The symptoms in case of a particular drug may differ widely 
in individuals Persons with psychopathic and neurotic tendencies appear to be 
more easily affected than normal healthy individuals with a stable nervous system 
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It IS well known that the same dose of a narcotic, for example alcohol, bhang 
or opmm, does not produce similar effects in all indmduals The mdindual 
personalitv and idiosa ncrasy of different persons are important factors in the 
resultant effects The authors found that the hallucinations occurring in Western 
people could not be obsen-cd in Indians who are more prone to dreams pertainmg 
to sex and of a aoliiptuoiis nature The svmptoms may thus be influenced 
pnmarily by the selectia e affimtv on the part of special group of cells in the bram 
for a particular drue and secondanlv by the personality of the mdindual talang 
the drug 

Besides the abo^ e two there aie other factors of importance which ha\e to be 
considered m evaluating the effects of hemp drugs on an indimdual They are the 
decree of education reasomng judgment dosage, mode and time of ad mini stration 
of the drug, etc All these factors mar modify the s} mptoms and effects The 
influences of these factors are discussed in the section on analytical studies As 
re^^ards the dosage and the mode of administration the effects are intense with 
larcrcr doses and appear much earher when the drug is taken on an empty stomach 
Similarly, different preparations, such as ganja charas and siddhi (bhang) give 
nse to effects which vary a great deal in mtensity accordmg to the amount of the 
active principle contained in them (Chopra and Chopra, Joe cit ) 


Analytical studies of cases 

A surve\ was earned out on the toxic msamty cases m all the important Indian 
^ilental Hospitals between 1928 and 1939 During this penod frequent visits were 
paid to these institutions and many cases were exannned from tune to tune and 
mdividually studied Keeping in view the physiological and pathological changes 
and the symptoms observed and those already on record in the history sheets we 
have made an attempt to disciiss the mental disorders resultmg from the use of 
hemp drugs m the following order Table I shows the results of analysis of 600 
cases of toxic msamty vnth a deflmte history of mdulgence m the use of hemp 
drugs — 

Table I 


Gxmng the diagnosis of 600 cases of toxic insanity studied, 
with history of hemp drug addiction or indulgence 


Type of mental disorder 

Number 

Percentage 

(a) Acute disorders — 



1 

Acute confhsional insanity mania of 
mcoherent type 

[ ?00 

33 3 

o 

^lamacal condition of expansive form 

45 

7 o 

3 

To-ac hallucmatory disorders 

; 

12 5 
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Table I — coiicld 


Tj'pt of mentfll disorder 

Number 

Percentage 

(a) Acute disorders — conoid 



4 Melancholia 

70 

11 66 

6 Depressive mania 

10 

1 66 

6 Recurrent toxic mama 

GO 

10 0 

(6) Chrome dtsordets — 


i 

1 Chionic tOMc mama 

90 

16 0 

1 

2 Schizophrenia 

30 

50 

3 Dementia (secondary to hemp drugs) 

20 

3 33 


It IS evident from Table I that acute mental disorders from hemp drug habit 
are much more frequent than chronic conditions 

1 Acute disotden — ^Most of the naicotic poisons and especially hemp drugs 
produce disorders of a temporary nature which disappear without leaving any trace 
The efiects are hmited to shght excitement or depression of faculties, or to a short 
interval of mtoxication and sometimes to profound narcosis Complete recovery, 
however, occurs in most of these cases The duration and nature of symptoms 
may vary according to the disposition of the mdividual and the dosage The acute 
stage, if recovery should follow, does not last more than a few da^'^s or a few weeks 
Acute toxic insamty is a secondary insamty which may simulate all forms of 
insamty It may differ not only in the case of two different drugs, but also with one 
and the same drug It is temporary and may be cured with the elimination of the 
poison from the body In this senes in 40 per cent of cases the symptoms disappeared 
within 24 weeks of the onset and in 2 6 per cent within 6 months 

The foUowmg conditions deserve special attention — 

(a) Acute co7iftisional zmamty — This condition was most common and probably 
resulted from a general derangement of the cerebral functions after taking the 
poison 37 07 per cent of our cases belonged to this group 

(h) Maniacal conditions of expansive form — ^These were characterized by erotic 
ideas of self-gratification and exaggeration of personahty This type was found m 
7 5 per cent of cases in this senes 

(c) Melancholia and dejiressive mama — In this senes 116 per cent of cases 
were found to be suffering from melancholia This condition depends upon the 
tvpe of ludniduahty and temperament of the addict Those with sad and morose 
disposition are more prone to this tyqie of disorder after the use of hemp drugs A 
pure melancholia followmg the use of hemp drugs is rare, but very often the mixed 
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types of cases •ssliicli result, are labelled as ‘ maniacal depressive ’ In tbis senes 
1 6 per cent of cases belong to tins group 

(d) Dchi'nonal avd hdlhinnatory type of insanity — This was present in 
12 5 per cent of the cases The delusions were of self-aggrandisement , the 
tendency to smcide was very rare, but homicidal acts by hemp dnig mamacs were 
not uncommon 

2 Chrome disorders — Chronic voluntary intoxication may also lead to mental 
disorders The course of symptoms may depend on the habits of the mdividual, 
on the individual’s reactions and the dosage The chrome form does not generally 
estabbsh itself from the very begmmng There are at first acute phenomena which 
may reproduce themselves a number of times without, however, preventmg chrom- 
city from establishing itself These acute symptoms are nothing but a recurrmg 
picture of the ongmal attack which appears again and agam m the course of the 
ebsease The two essential kmds of symptoms are the irresistible desire for the 
poison with the periodical recurrence of the acute or subacute symptoms and the 
progressive decay of mental faculties The acute symptoms correspond to tem- 
porary saturation of the body with the poison, while chrome symptoms are the 
expression of definite anatomical mjurv' to the brain which gradually results from 
the effects of the drug The prolonged abuse of the poison thus gives rise to 
progressive weakemng of all the faculties of the bram, eventually leading to dementia 
In the present senes 60 cases or 10 per cent showed relapses (vide Table I) and 
it was found that relapses were more common between the ages of 20 to 30 and 
41 to 50 years 

(а) Dementia secondary to hemp drugs — ^This condition was rather rare and 
occurred m only 3 33 per cent of cases m this senes 

(б) Schizophrenia — This was present m 5 per cent of cases 

(c) Chronic toxic mama — This disorder was found to be much more prevalent 
than the other two It was present in 16 per cent of our cases 


Etiological factors 

These will be considered under three main headmgs — 

1 Insamty due to hemp drugs and other correlated factors 

2 Relationship between occupation and hemp drug msamty 

3 Age mcidence and hemp drug msamty 

Investigations on 600 cases of hemp drug msamt}'^ from different hospitals 
revealed that, though it was comparatively easy to ehcit the history of hemp drug 
habit from such patients, it vas often difficult to ascertam whether this narcotic 
was the primary cause of insamty m such cases or indulgence m it was only secondary 
to the existmg mental disorder We have already observed (Chopra and Chopra, 
he cit ) that persons with an unstable nervous system and those suffering from mental 
disorders are more prone to drug habits and particularly to excesses than normal 
healthy mdinduals The former two groups very often mdulge m mtoxicants 
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with, undue or unwanted fieedora, and thereby precipitate the course and aggravate 
the symptoms of the actual disease AVe have therefore rejected all cases wifcli 
doubtful histor}’- and taken into consideration only those cases where a definite 
authentic history could be obtained These cases consisted of two mam groups — 

(1) Uoimixed cases in which the hemp drug habit was found to be the only 
elicitable cause of insamty 

(2) Mixed cases in wluch other factors such as heredity or indulgence m other 
intoxicants were also present in addition to indulgence in hemp drug Table II 
demonstrates the relative frequency of unrmxed and mixed types out of a total 
number of 600 cases under investigation and shows the various additional 
contributory factors in the {etiology of mixed types of hemp drug insanity 

Table IT 


Shoioing factots contributing to the cetwlogy of 600 cases of 
pure and niioced hemp drug insanity 


Cases 

Number 

Percentage 

Unmixed cases — 


1 

1 

History of indulging indiemp drugs alone 

j 400 

66 6 

1 

Mixed 

cases — 

1 


1 

Heredity and hemp drug 

1 15 

1 

i 2 5 

1 

1 

2 

Heredity and alcohol 

1 

10 

j 

1 66 

1 

1 

1 

Heredity, alcohol and business loss 1 

1 

20 

1 

3 33 

4 

Alcohol 

1 

30 

1 60 

5 

Alcohol and vice 

1 

16 j 

26 

fi 

Business losses 

10 ^ 

1 66 

7 

Syphilis 

1 

6 1 

0 83 

s 

Sexual excess 

1 

6 

0 83 
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rA«bi 1 1 - ■(Olicl'i 



( nM. 


iViumlicr 

Percentage 

V IXCff 

Tonclfl 



1 

0 

Dlmtan 


1 

10 

! 

, 1 00 

10 

Grief 


10 

1 60 

11 

Hard life and alcohol 


5 

0 83 


Hard life and opium 


. 5 

1 

0 83 

n 

tfodak smoking 

1 

' 10 

1 66 

14 

Vicious habits 

1 

1 

f 10 

I 

1 66 

lo 

Opium eatmg 

1 

( 

1 

' 10 

1 60 

16 

Epilepsy 

1 

6 

083 

17 

Disappointment m love 

/ 

6 

0 83 

IS 

TubprcnIo=is 

1 

1 

c 

10 

1 

1 66 

10 

aiiscellaneouB 

1 

I 

10 j 

1 60 


A perusal o£ Table 11 shows that out of 600 cases of liemp drug jusamt} there 
were 400 cases of unmixed type givmg history of indulgence m liemp drugs alone 
In the remaining 200 cases which we hai e placed under the heading of the mixed 
group, the place of ranous additional contributory factors has been descnbed. An 
analysis of these predisposing or deterimnmg causes shows that hereditari predis- 
position was present in 7 j per cent of cases This figure «eems to be on the low 
side It IS well known that a narcotic drug even when it is unthout an> action on 
healthy brains ma\ upset the mental equdibnum m persons bom vnth hereditan 
predispositions 

Co-association of other mtoxicants along with hemp drugs naturally increases 
the frequency of insamty In our senes history of indulgence in alcohol, dhatura 
and opium nas qmte frequent It is logical to think that the simultaneous use of 
these narcotics which are also cerebral poisons would further upset the equdibnum 
by their cumulative efiects 


J, MR 


11 
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Relationship between occupation and hemp dpug iNS\Nn'\ 

The stress niid strain of diftereut occupnnons is likelv to influence the pwvluot’on 
of msjmtv amongst the hemp drug iddiet.^ We hiAe therefore investig'ited Thu 
point and this is summarized in Table III — 


T\blf III 


N//rt?nn^ the ocmpaiwnal factor in a 'Crji' of flOO 
<V'/nW;'7(<d of Jump dni(j lo^^anitt/ 


I 


! 


Occiqntmn'^ 


I XnmKr i PiTwnt-^^i 


j 


1 

Boginr' '"i3 vidlm-' 

ISO 1 

1 

aoal 

•) 

Ciiltn iter^ 

ks , 

0 tsl 

I 

Shopkov porv 

30 i 

1 

5-0 

4 

Trider^ nion 


10 33 

a 

Lalwunrs. iml 

' w' 

10-0 

0 

Domestic servant-^ 

45 

7 5 

4 

Siliool teaclie]> 

5 

OsS 

s 

Police constable^ 

30 

3 33 

0 

T iilor* 

5 

0 33 

10 

Studi nt«' 

5 

0 3:1 

11 

Prostitutes 

5 

0 3.1 

12 

PriesL. 

10 

Inul 

13 

Hicknev carnage dnvers 

10 

1 Ob 

14 

Peons 

a 

0 33 

15 

Clerks 

5 

0 3.1 

lb 

Unknown 

wi 

10a) 

I" 

Miscellaneous 

55 

010 


From a perns,il of Tible III ir would ippeir tlnr the lirgesr number le 
oO 0 per cent occurred imougst the beggiirs and ■^idhus who ire in rho Inbit o 
waudermg from pi ice to pi ice It in iv ilso be stateii that m inv of thojo mdn uiu i ' 
are in the h ibit of indulging in hemp drugs and often m excess Next come trifle^ 
and business men le 10 S 3 per cent ind 1 ibonrers ind inis.in^ 10 per tout rhi'’' 
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probably on account of the strain and stress of life which members of this group are 
subject to and which compels them to resort to the use of a narcotic so as tempo- 
ranly to tide over the penod of stress which may lead to mental derangement m 
predisposed individuals Domestic servants come next m frequency probably 
on account of an excessii e consumption of these drugs 

Age incidence — ^Table IV shows the relative liabihty to insamty at different 
ages m this senes This information was compiled from the history sheets in 
various Indian Mental Hospitals In a large number of cases the ages entered are 
only rough guesses on the part of the medical or police authorities It is difficult 
to ascertam the true ages of patients, especially of those belonging to poor 
classes, such as beggars and the wandering insane 


Table IV 

Shoimng the age incideJice in 500 
hemp drug insanes 



NtmiBEB OP OASES 

Age m years 

1 First attack. 

Second attack 
or relapse 

1 

16 to 20 

1 63 

7 

1 

21 to 30 ' 

1 

262 

1 i 

f 

41 

1 

31 to 40 1 

1 

1 

7 

1 

41 to 60 

1 40 

1 

21 

51 to 60 


14 

01 and np 

1 6 

1 

0 

1 

Age unknown 1 

1 

1 

1 

1 60 

1 

1 

0 

Totals 

500 

90 


A perusid of Table IV will show that the most common age at which an attack 
IS likely to occur is the penod of adolescence, i e 15 to 30 years, when the nen ons 
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system is being establislied , tlie next common period is between 31 to 40 years after 
x\liicb the mcidence falls gindnall}'' till it is only 1 per cent after'” 60 years 


SYMPTOMATOLOOy 

Eaily sy)iipto))i<i — ^As a rnle it Avas difficult to obtain a complete clinical history 
of the condition of these patients On then first admission The medical certificates 
on ■which the patients were admitted into the hospitals usually contained ]ust 
sufficient e\ndence of their mental state to support the diagnosis of insamty From 
the examination of a large number of cases and from the hospital records and suhse 
quent entries in the case sheets of these patients it was possible to form an idea of 
the symptomatology of this form of insanity Hospital case sheets also dealt with 
the mode of onset, duration of the attack, the habits and the personal and family 
liistory of the patients 

The onset in 40 cases was sudden in 230 gradual and in 150 insidious There 
Avas no information on this point in the remaining 180 cases Headache was quite 
common and was an early complaint , alteration in the habit of the individual also 
led to suspicion of mental derangement hlore frequently attention was drawn by 
■violent or destructive acts which in most of the instances necessitated theremm^nl 
of the mdividual to a mental hospital 

Physical emimnation — The state of the general bodily health on admission 
into the hospital was quite good m 230 cases , in 200 it was fair , in 80 the health 
■w^as mdrffereut , in 60 it was bad , while 30 cases were very weak and emaciated 
The facial expression m 160 cases was Amcant In the rest no information has 
been recorded Four mdiAuduals had ‘ ganja wart ’ (caUosities) on their palms 
Abnormahties or signs of disease of the sexual organs were quite frequent 

Circulatory and lesjnratmy systems — The circulatory and respiratory systems 
as a rule showed no abnormality, but signs of ana?mia were present in cases where 
the disease was of long standmg 

Digestive system — In sixty cases food Avas refused necessitating foicible feeding 
There were no other changes recorded in the digestive system except that at times 
a few of these patients suffered from attacks of dysentery and diarrhoea These 
conditions naturally had no direct relationship to insamty 

Muscnlai system — ^A large number of the patients suffered from tremors and 
sometimes from choreiform muscular tAvitchings The strength of the hand gnp 
was defimtely decreased in almost all the cases 

Nervous system — ^The state of sight, hearmg, taste and smell were difficult to 
inA^estigate Redness of the conjunctivte was a Amry common symptom and hfls 
been regarded as pathognomomc of hemp drug insamty by Dhunjibhoy {loc cit ) 
Congestion of the transverse ciliary A^essels was obserAmd in 70 per cent of the cases 
The comlitions of nervous sensibility, hypereesthesia and anaesthesia Amried ni 
different indi'viduals All the reflexes u ere exaggerated in most of the cases in the 
early stages 
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Mental syniptonis — The pnncipal mental mptom^ as descnhed m the historj^ 

sheets have been analysed in Table V — 


Table V 


1 

Incoherence of language 

2S0 

2 

Uncommunicative 

36 

3 

Complete sHenoe 

60 

4 

Talkative 

46 

6 

kluttermg delinnm 

60 

6 

Abusive and obscene language 

120 

7 

Excited 

20 

8 

Hoisy 

120 

9 

Restless 

120 

10 

Sleepless 

236 

11 

Exaltation 

35 

12 

Quarrelsome 

65 


13 

Destructive 

125 

14 

Homicidal 

100 

16 

Suicidal 

60 

16 

Laughter 

60 

17 

Dancing 

10 

18 

Obscene postures 

6 

19 

Sad, crying or moummg 

90 

20 

Dirty or hlthj habits 

284 

21 

Indecent behaiaour 

105 

22 

Delusions 

100 

23 

Childish behaiiour 

20 


These symptoms changed very rapidly on admission to the hospital and in 
qmte a large number of cases disappeared completely vnthin a feiv vreeks of 
admission Twenty-five per cent of cases, however showed bttle or no change 
in the beg innin g In 15 0 per cent of cases there were relapses, mth occasional 
outbnrsts of anolence On the other hand qmte a number who were \iolent aud 
abusive at first became melanchohc or quiet and m \er} rare instances drifted 
to a state of dementia 


Duratwn of insamty 

The information regarding the duration of the period of insamtv vas either 
unreliable or not a\ ailable at all in all the cases particnlarlv for the period they 
were at large It is therefore onl\ the duration of the stav m a mental hospital 



166 


Cannabis sativa 


that we have analysed The duration of insanity before admission when available 
18 included in Table VI — 


Table ^^[ 

Shoivinq duration of insanity before admission into a mental hospital in 
60 cases of hemp drug insamly along with their ages 


Ddhation 01- l^SA^^^i 


Age in years 

1 month 
and 
under 

1 ( 

1 1 to 3 ' 

1 montlis 

1 1 

Under 

5 to G 
months 

6 to 12 
montlis 

12 to 18 
months 

15 to 3 

3 cars 

3 to 5 

3 ears 

1 

12 

years 

15-20 

0 

1 

1 

1 4 , 

1 






21-31 

5 

6 , 

8 i 

1 

b 

1 




31-40 

1 

3 ' 

1 

3 i 

1 

2 

1 



41-60 

2 

! ' 1 

2 

2 

1 

1 

1 

1 


61-60 

1 

1 


2 

1 


1 



61 and up 

1 


1 


1 

1 




1 

Totals 

16 

16 

13 

11 ! 

4 

1 


1 


A perusal of Table VI wiU show that 25 per cent of cases were picked up b> 
the police and medical authorities mthin the first month of the beginmng of the 
disease and another 25 per cent befoie the third month , there were 7 individuals 
who remamed at large for periods of more than one year 

Duration of stay in the hospital 

The stay of 600 accepted cases of hemp drug insamty in various hospitals 
has been represented in Table VII This table is important from the prognostic 
point of view — 

Table VII 

Shoiving the duration of stay in hospital in 600 cases of hemp drug 

insanity 


Dokation of staa 


1 

1 

1 

Shoivmg no | 
signs on 
admission 

1 month 
and 
under 

I — * 

1 to3 

1 months 

3 to 6 
months 

6 to 12 
months 

12 to 18 
months 

Not cured 
up to 18 

1 months 

Died m 
the 

hospital 

Number 

60 1 

116 

66 

100 

66 

1 

16 

166 

36 

Per cent 

10 1 

1 

19 16 

9 16 

1 

16 6 

1 

10 8 

26 

26 8 

68 
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It would appear from Table ^^[I that m this series, 60 persons (or 10 per cent) 
did not show any signs of active disease on admission, although they were admitted 
to the hospital after an attack of active insamty which followed the use of hemp 
drugs Out of the remainmg 540 cases, 115 or 19 16 per cent were cured within 
the first month of admission, 270 or 46 0 per cent were cured within the first six 
months, 335 or 65 8 per cent within the first year of admission, 350 or 68 3 per cent 
wuthin 18 months and out of the remaining 190, 35 or 6 8 per cent died and 166 
or 26 8 per cent were not cured and were still m the wards of mental hospitals 

The average penod under treatment m various Indian hospitals varied from 
3 to 8 months, and most of the patients were kept under observation before bemg 
declared as cured It would appear that 58 3 per cent of cases recovered withm 
18 months which probably means that these cases are more amenable to treatment 
than are those of the othei t^’pes of insamty It is very difficult to express an 
opimon regarding the prognosis of 155 or 26 8 per cent of cases which were Btdl 
detained in the various mental hospitals after a stay of 18 months The mortahty 
rate m this senes amounted to 5 8 per cent , this, however, was not due entirely to 
hemp drug insamty but to mtercurrent diseases 

Diagnosis of hemp drug tnsamiy 

Acute toxic hemp drug insanity — Besides the generally accepted view that a 
short duration is diagnostic of hemp drug insamty, this form has points of distinction 
from other types of mental disorders General care of the patient and withdrawal 
of the drug leads to rapid recovery * In regard to the difierent diagnostic symp- 
toms, delmum frequently occurs Acute mental derangements due to hemp drugs 
are marked by extreme vehemence of the mama Hlental, moral and muscular 
manifestations are more pronounced, and differ from those seen m case of alcohol 
and other drugs The mdividual looks confused and excited, has bright sh inin g 
eyes which are almost always heavily congested He shouts, vociferates, sighs, 
walks qmckly up and dowm or round his cell, and shakes the door out of its fastemngs 
If at liberty, he is violent and aggressive and maj run amuck These symptoms 
are not so pronounced m other forms of mama Instances are on record where 
the patient under excitement got hold of a w eapon and committed murder without 
any reason or provocation The attack, however, was usually of short duration, 
bemg hmited to a few daj's Later, in most cases there was perfect recoverv, 
but the patient was qmte obbvious of things which took place durmg the 
penod of intoxication 

Chronic toxic hemp insanity — Tlie insamti produced bv a long-continued and 
excessive mdidgence m ganja or oharas has also certain definite symptoms and 
pomts of its ow n The patients are hilarious and full of a sense of w ell-being , thej' 
are ns a rule good natiued and trustw orthy, and recoi er in a large proportion of 
cases when admitted to a hospitol and after the drugs hiie been withdrawn 

Relapses, however, are qmte common in cases of chronic form of the disease 


* Sudden uathdraival of the drug, unlike opium and morplimc gives nsc to no abstmence 
Bianptome 
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CRIlVrE AND HEMP DRUG HABIT. 

As regards the relationship between hemp drug addiction and cnine, there are 
instances where the addicts committed cnmmal acts under the ehects of these drugs, 
especially after smoking ganja or charas, under grave provocation or m cold blood 
and with pre-meditation Such instances do not necessarily prove any definite 
relationship between the use of hemp drugs and crime Indulgence m alcohol 
undoubtedly gives rise to a feehng of bravado and courage by depressmg the higher 
controlling cerebral centres, and there are many instances m which it has led to 
crimes of a very grave nature So far as hemp drugs are concerned, however, the 
situation has to be viewed from a different angle Hemp drugs are cheap and are 
generally used by the poorer classes who belong to the lower strata of society to 
which most of the cnnunals m this country belong This may be an explanation 
of the fact that proportionately more consumers of hemp drugs, especially 
ganja and charas smokers, are found among bad characters than among the 
normal population in general 

It should also be remembered that the habitual use of these drugs impover- 
ishes the addicts whose income is generally small They spend a large portion 
of their earnmg on them and m consequence they have very httle money left to 
obtam the daily necessities of bf e This may lead them to commit thefts and other 
crimes of a siimlar nature This, however, does not mean that the use of hemp 
drugs IS entirely responsible for their misbehaviour 

So far as pre-meditated crime is concerned, particularly that of a violent nature, 
the role of hemp drugs is qmte distinctive In some cases they not only do not lead 
to it but actually act as deterrents We have already remarked that one of the 
important actions of these drugs is to quieten and stupefy the mdividual so that 
there is no tendency to violence, as is not mfrequently met with in cases of alcohohc 
intoxication The result of contmued and excessive use of these drugs m our 
experience is to make the mdividual tmud rather than to lead him to commit crmies 
of a violent nature Our opmion in this respect based on the study of a large senes 
of addicts, IS that the tendency of the drugs appears to be to develop or bring into 
evidence the natural disposition of the consumer and to emphasize his true character 
and pecuhanties For example, if he is mchned to be lazy and easy going, he will 
be qmet and restful, but if he is irritable or excitable he may, if mterfered with, 
become molent The results of the statements of the addicts m this senes who 
volunteered information on this point are summarized m Table VIIT 

From Table VIII it is clear that there were 102 or 8 24 per cent of mdividiials 
who gave the history of being convicted once and 98 or 7 92 per cent who were 
convicted more than once The figures for conviction m this senes are higher than 
those usually met with among the general population It will also be obsen^ecl 
that the number of those who had convictions in this senes is much larger ui the case 
of ganja and charas users than in the case of bhang The reason no doubt is that the 
effects produced by smokmg are rapid and more intense than when the drugs are 
taken by the mouth Besides, ganja and charas are used more by the lower strata 
of society, which mclude a higher proportion of habitual criminals 
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Shomng relation betiieen addiction to In nip dings and cnnie in 1,238 

hemp drug addicts 


(Percentages ha^ e been w orked in roM totals ) 


Drugs 

No con\^otlon j 

One conviotion 
only 

More than one 
conviction 

Totals 

^hang 

I 

704 

(91 19 per cent) 

48 

(6 22 per cent) 

20 

(2 69 per cent) 

1 

772 

Gauja and charaa 

334 

(71 67 per cent) 

64 

(11 69 per cent) j 

1 

78 

(16 74 per cent) 

466 

Totals 

1,038 

(83 84 per cent) 

1 

102 

(8 24 per cent) 1 

98 

(7 92 per cent) 

1,238 


Use of heaip drugs for homcidal Am) sthcidau purposes 

It has abeady been remarked that hemp drugs have been used by crinimals 
for tvo purposes Firstly, to fortify themselves to comnut pre-medrtated crimes, 
and, secondly to enable them to endure unusual fatigue or exposure to mclement 
weather and to stimulate them for extra exertion In both cases the drugs are 
used by those who haie been mdulgmg m them habitually 

Hemp drugs have not been used for smcidal or honucidal purposes in the same 
way as opium It has been stated that sometimes the} are used for stupefymg people 
with the object of robbing them It is doubtful if stupefaction can be effected 
with these drags except in those who are not accustomed to take them habitually, 
and very often ‘ dhatura ’ has to be mixed to obtain the desired effects 

Another difficulty m the way of usmg these drags, especially ganja and charas, 
IS that they can readily be detected by their characteristic and penetratmg smell 
and therefore it is difficult to mix them with tobacco or other substances for the 
purpose of smokmg without detection It is, however, possible to utilize them for 
stupefymg individuals who are addicted to their use or otherwise by secretly nnving 
with more potent drags such as ‘ dhatura ’ Cases have been reported where prosti- 
tutes were stupefied m this manner and robbed of their ornaments Children are 
sometimes decoyed and offered sweetmeats contammg hemp drags to make them 
insensible and to rob them of their ornaments Generallv speakmg, because of the 
difficulty of their administration without detection and their uncertain action, 
these drugs are seldom resorted to for such purposes 


SxrvniARY AXD niscrssiox 

Excessive mdulgeuce m narcotics such is Indian hemp it- ipt to produce m 
hcdthy mdividuals and m susceptible indiMcluds mental confusion vhich mavlead 
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to delusions with disorientation and disordered inovements The use of hemp 
drugs if pushed further than tlie stage of light depression of higher centres may 
produce confusion of mind and restlessness Intellectual impairment as well as 
disorientation may show itself in various ways, such as weakening of moral sense, 
habit of telhng lies, prostitution, theft etc The addict may become egotistic and 
unreliable and may have recourse to theft, pilfering and unnatural sex perv^ertions . 
Sometimes it may release subconscious impulses and lead to violent crune 

Indulgence in Indian hemp drugs often results in illusions, delusions and 
hallucinations In young lnd^^^duals hallucinations of pleasant and sexual nature 
some time form the chief attraction for the use of these drugs These hallucinations 
depend upon the personality and subconscious trend of the habitud’s mind A 
person with a religious trend of imnd may imagine himself to be a messiah, a 
messenger of God or a prophet, while a jierson wnth loose morals may imagine 
himself in the lap of his beloved The haUucmations and delusions in the case of 
Indian hempi drug are largely insual and auditory They are mostly transitor)', 
but m more suscejitible indinduals may assume a chronic form resembling 
paraphrema Delusions of^a persecutor)'^ nature and sexual mfidebty are dangerous 
and frequently lead to homicidal crimes, the power of discrunmation bemg lost 
through a lack of control over the higher centres Inqumes in vanous jads and 
mental centres revealed that m qmte a number of cases, simple indulgence even 
m a smgle ganja or charas smoke was responsible for a hemous crime 

Another important pomt to be considered is the difference in susceptibihty 
to the effect of hemp drugs m different individuals Differences m effects produced 
in the same mdividual at different times and under different environments have 
already been recorded (Chopra and Chopra, he cit ), but it may be noted that 
individuals may react differently after head mjunes or following special nervous 
and mental strain 

It IS well known that the cerebral centres (higher centres) are responsible for 
keeping in check the lower centres upon which the behaviour of an mdividual 
depends Hemp drugs and other narcotics depress the higher centres to begm with 
Moderate interference with these may not be dangerous and sometimes may even be 
helpfid, as for mstance mj removmg infenority complexes and temperamental 
difficulties With frequent^repetitions of the dose, however, harm is hlcely to result 
through prolonged inhibition of the higher faculties of the mmd, and this may lead 
to permanent changes m character and even the production of such conditions as 
megalomama, irritabdity of temper, boastful nature, etc Fits of aggressive mama 
are not infrequently observed after mdulgence m hemp drugs Impulses of a suicidal 
and morbid nature have been known to occur with drugs such as bhang when taken 
m large doses, especially durmg a period of mental depression The higher centres 
w'hen kept under constant repression undoubtedly suffer , they are the last to develop 
and first to succumb to the action of these doigs The lower centres also suffer 
through over-action, but they are more resistant and do not show signs of degen^a- 
tion till late Our studies in mental hospitals, m the field {vide Tables I and vH) 
and m prisons show'’ that not infrequently^ addiction to hemp drugs was the imme- 
diate cause of a sudden unbalance of mind and the comimssiou of a crime 
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Deliberate indulgence in hemp drugs by rehgious mendicants to mduce a state 
of frenzy for impressmg the onlookers with then- supernatural powers is frequently 
found. Frenzy is also debberately induced to enable the subject to carry out 
enterpnses of a difficult and dangerous nature, either planned beforehand or only 
decided upon on the spur of the moment 

A milder condition is sometimes induced bj criuunals to enable them to keep 
up their courage while committmg offences Though they differ in degree yet the 
two uses are essentially smular In the first mstance it may be followed by murder, 
while m the second by robbery, theft and the hke The striking example of the 
abuse of these drugs occurred in the sect Hassassins m Persia who committed 
terrible deeds under the influence of hemp drugs The frenzied state is more hkely 
to be mduced by 3 cumulative effect of repeated doses of hemp drugs than by a 
smgle dose 
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The following erpenments were devised to stiidv the relationship between the 
size of the stenosis of the trachea and the intrabronchial pressure, and the effect 
of the size of the stenosis on the lung peripheral to the stenosis — 

Method 

Calibration of the stenoses — An ordinary glass stop-cock with a glass-rod sealed 
to its handle was fixed in position on a board Using the glass-rod as a pointer, 
three arbitrary degrees of closure of the stop-cock were marked so that they could 
be repeated accurately at will The bore of the stop-cock was 2 mm m diameter 

The period of time required to pass 100 c c of kerosene under a constant pressure 
of 80 mm of Hg through each degree of stenosis could then be compared with the 
times determmed on the known degrees of stenosis m the stop-cock In Table I 
the time required and approximate appearance of each degree of stenosis of the 
stop-cock are given TTlien the trachea and major bronchi to the hila ol the lungs 
are included m the system, with the stop-cock open, the kerosene tune was betn een 
12 and 13 seconds if only the trachea was included, the time was between 10 and 1 1 
seconds In the animals m which stenoses had been produced surgicaUv, at the 
end of the experiment, the trachea was removed and tied over the cannula Its 
kerosene time was then determmed Obviously the effect of a stenosis on the 
kerosene time will be much greater than on nu since its viscosity is so much 
greater 

Production of stenoses — The traemgs presented were taken on rats in which 
stenoses had been produced m one of three manners ilethod 1 consisted in the use 
of the calibrated stop-cock connected directly to the trachea of a normal rat by 
a cannula 
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Tracheal Stenosis 


Table I 


SJmving time required and approximate appearance 
of each degree of stenosis ' 


Degree of 
stenosis 

Diagram 5 

Koroseno 
l)rt3snrc, 
mg Hg 

Time m 
seconds 
ptr 100 c c 

1 

( 

0 

o 

80 

8 

1 

1 

] 

1 

© 

SO 

1 

9 

2 

© 

1 

1 

80 

18 

3 

m 

80 

36 


Method 2 The trachea of the rat was exposed after the animal had 
been aneesthetized with ether A wire 1 mm in diameter was placed next to the 
trachea A silk tie was tied tightly around both the wire and the trachea, and the 
wire removed immediately, thus leaving an opemng in the trachea approximately 
1 mm m diameter The tracings were taken on the ammals which sun ived this 
procedure by fourteen days 
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Toacheal Stenosis 


Sletliod 3 The trachea of a young rat was exposed and a silk tie placed snugly 
about it ^\rlthout encroaching on the lumen As the animal grew, a stenosis was 
gradually produced These aninials were allowed to survive a longer period of 
time 

Similar stenoses were produced m animals in vhom phremcectomy and 
pneumouectoinv had been performed after the manner previously described 
(method 1) 

Method of lecouhng — The tracmgs were made after the animals had been given 
0 1 c c of nembutal (1 g per c c ) intraperitonealh'- The trachea u as then exposed 
and one opening of a T-shaped cannula inserted in the trachea below the stenosis 
To the second limb of the T the bit of trachea including the stenosis was tied The 
third limb of the T was connected to a Frank capsule The light beam was then 
recorded on a momng film Following each tracing a water manometer was inserted 
in series vith the capsule so that the pressure changes represented by the deflection 
of the bglit beam were deterimned 

Results — Typical tracmgs are illustrated in Figs 1, 2 and 3 The condition of 
the experiment, the degree of stenosis and the pressure change are given for eitch 
tracing 

After a satisfactory record had been made, the abdomen was opened, the aorta 
cut, and the heart and lungs trimmed, blotted and weighed The weights were 
then compared to normals for this strain of ammals (1, 2) No amnial in which 
any pulmonary disease was present was used The percentage change of the 
weights of the hearts and lungs of these ammals is given m Table II — 

Table II 


Effect of tracheal slevosis on the weight of the heait and lung 


1 

Number 
of rata 

Duration, 

days 

Average 
body weight, 
g 

Average 
heart weight, 
mg 

Percentage 
increase 
lieart weight, 
mg 

A\ erage total 
lung weight 
mg 

Percentage 
increase 
lung weight, 

mg 

8 

11 

148 

1 

610 

0 

1 

948 

IS 

12 

1 36 

1 j 

117 

607 

i 

18 

801 

24 


A'\Tien the organ-weights m the mdividual ammals are compared to the degree 
of stenosis, it is seen that the greater the stenosis and the longer the time it has 
been present, the greater is the mcrease m the organ-weight over the normal 
(Table 111) 
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Table III 

The relahonslnj) of organ-weight to the degree of stenosis 




Bodj 

weight, 

g 

Duration of 
stenosis, 
days 

Heart- 

weight, 

mg 

1 

Per I 
centago 
change 

1 

Lung 1 
weight . 
mg 

Per 

eentnge 

change 

Kerosene 

tune 

Approxi 
mate size 
of stenosis 

Condition 
of animal 

64 

32 

390 

28 1 

630 

30 

21 

1 

Between 

2-3 

Thm 

130 

32 

590 

19 I 

1 100 

36 

26 

2-3 

> 

84 

32 

350 

0 

690 

11 

11 

1-2 

t9 

105 

14 

467 

10 

1 

i 074 

t 

12 

12 

1-2 

Normal 

82 

14 

320 

13 

1 518 

8 

16 

1-2 

Jt 

7b 

35 

372 

15 

1,220 

66 

37 

3 

Thm 

98 

14 

460 

16 

620 

1 

5 

9 

0-1 

Normal 

100 

27 

530 

25 

770 

26 


1-2 

T> 

122 

30 

450 

0 

700 

1 

3 

n 1 

1 

1-2 

if 

122 

13 

4S0 

7 

870 

20 

32 

1-2 j 

i 

it 

1 


It should be noted that m calculating the percentage change in organ-ireight, 
indi\'idual animals are compared to averages for normals 


Discussion 

The tracings of the respiratory effort of normal ammals m the presence of 
acute tracheal obstruction uniformly show an inspiratory effort only No positi\ e 
pressure is developed This is true ei en when half the pulmonary tissue is removed 
(Fig 1-e) When, however, the diaphragm is paralysed foUowmg phremcectomy, 
a positive pressure is developed (Fig 2) This is due m part to the fact that the 
diaphragmatic tone of the normal diaphragm no longer resists the upward thrust 
of the abdonunal viscera with the contraction of the abdommal muscles The lung 
collapses to a greater extent, thus developmg a positive pressure on expiration 
Inspiration is not as great as m the normal animal, and to mamtam respiration, 
expiration must be greater A readmg taken immediately foUowmg phremc 
avulsion m one mstance (Fig 2-f) showed a pressure reading of minus 5 cm of 
water on inspuation to plus 5 cm of water on expiration 

After a stenosis has been present for some time, tracmgs show that again 
a positive pressure is developed on expiration The respiratory effort becomes 
more efficient in the presence of a stenosis by becommg deeper as well as slower 
(Fig 3) 
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Tracheal Stenosis. 


The presence of the tracheal stenosis increased the mean thoracic volume 
Since it has been demonstrated that stretching is the adequate stimulus for groirtli 
of the lung (1, 2), it could be expected that the lung -vr eight- vrould increase as it did 
(Table II) The heart-weight increased because of the work required in breatkng 
The figures for this mcrease are probably high as the ammals did not eat well and 
are somewhat underweight when compared to normals of the same age 

Conclusions 

Apparently, in the rat, obstruction to the bronchial tree of shght degree is not 
significant "l^en the obstruction does become significant, compensation takes 
place by a slowing and deepemng of the respiratory rate as well as an increase in 
the mean respiratory volume Following the mcrease m mean thoracic volume, 
because of the stretch on the lung, an increase in the amount of pulmonary tissue 
takes place 
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NOTICE. 


Economy m the Use of Ipecacuanha and Emetine 

AiiCEBio DYSENTERY IS co mm on m India and accounts for a fan: amount of 
mortality and morbidity, especially amongst the members of the European 
commumties resident m the tropics In the treatment of this condition, Emetme, 
one of the prmcipal alkaloids of Ipecacuanha, is considered a specific and is 
very largely used 

Ipecacuanha is not mdigenotis to India Attempts have been made to grow 
this plant m smtable localities m India but the mdigenous supply has never been 
adequate to meet the local demands India, therefore, remams largely dependent 
on foreign sources of supply 

O wing to conditions produced by the war suppbes of this essential drug have 
heen scarce and irregular In the mterests of the sick it is desirable that a general 
efiort on the part of medical men should be made to conserve stocks of this important 
remedy, so that those who really need it will not be deprived of its valuable curative 
properties 

The extent to which Ipecacuanha enters mto popular therapeutics is surpnsmgly 
large JIuch of this is m the form of Pulvis Ipecacuanhw et Opii (Dover’s Powder), 
which IS almost an everyday prescription m influenza, chill, coryza and shght cough. 
It 18 often used to ‘ abort ’ an attack of cold and also to check mild diarrhoea Its 
diaphoretic and astrmgent actions are mamly responsible for its populanty 
Therapeutically there appears to be no particidar advantage in usmg Pulvjs 
IpecatuanhcB et Opn to brmg about these efllects It is the Opium m the preparation, 
and not the Ipecacuanha, which brings about the diaphoretic and astnngent actions 
The astrmgent action can be very easily obtamed, probably more comemently, 
by the use of Pulvis Cretce Aromaticus cum Opw For diaphoresis practitioners 
have at their disposal a large selection of coal-tar remedies including salicylates 
and theur derivatives The use of Dm er’s Powder can, therefore, be convenient!} 
reduced by encouragmg the use of various substitutes which may bring about 
similar cluneal results 

A significant contribution towards economy m the use of Ipecacuanha may 
also be made by exercismg a httle more judiciousness and care in prescribmg the 
galemcals of Ipecacuanha, of which Ywum Ipecacuanhce (now Ttnclura Ipecac- 
uanhee) is the most widely employed Tinclura Ipecacuanha: is a common ingredient 
of ‘ Sedative Expectorant ’ mixtures frequently seen in the Pharmacop^oeias of 
various hospitals and out-patients’ chnics Tinclura Ipecacuanha is neither 
a very rapidly acting nor always a trustworthy expectorant In many types of 
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cases of bronchitis, the use of such mixtures is not of any particular advantage 
and Tivclura Ijiecacuanlicc may be replaced b}’’ Vxinim Antiinomale or Tindura 
Scillce Only m pediatric practice is there some justification for its continued use 
in war time 

Pulvis I'pccacuanhw is gradually going out of fashion but prescriptions are 
still seen where this has been used either for its emetic or for its cholagogue action 
Such uses are a relic of the old days and cannot be supported by rational therapeu- 
tics Ipecacuanha has now been shown to be a poor emetic and its supposed 
cholagogue action is also doubted by modern pharmacological investigators Its 
use in such conditions therefore need no longer be advocated 

Whatever may have been the justification of such haphazard use of Ipecacuanha 
in pre-war days, it is the clear duty of all medical men to stop such practice m these 
abnormal times when there is a shortage of this essential remedy If every medical 
man employs the same rigid criterion in the use of Ipecacuanha as they do in the 
diagnosis of their cases, much waste in the use of the preparations and galenicals 
of Ipecacuanha could be avoided and stocks of Ipecacuanha could be reserved for 
the extraction of Emetine, whose value m the treatment of amoebiasis has been 
fully established 

A F MacCdlloch, 

New Delhi, Secretary, Medical Stores Svpply Committee 

Dih December, 1941 {Qfficc of the Director-Gcneral, Indian Medical Service ) 
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ACTION OF V GHOLERM AND EL TOE TYPE 
STRAINS ON GOAT’S RED 
CORPUSCLES 

BY 

W D B BEAD, 

S R PANDIT, 

AND 

P C DAS 

{From the Cholera Inquiry under the Indian Research Fund Association, 
AU-India Institute of Hygiene and Public Health, Calcutta ) 

[Received for pubbcation November 10, 1941 ] 

Since Dreig (1914) published his account of findings on the povrer of plain 
1 roth cultures of large numbers of vibrios isolated in Calcutta to attach goat’s red 
cells, it has been tacitly accepted by most workers that the classical case nbno, 
F cholerw, has no hsemolytic power against the red cells of that animal In view, 
however, of the findmgs of de Moor (1938) in the Celebes Islands of hsemolytic 
agglutmable vibrios m connection with cases indistmgmshable climcally and 
epidemiologicaUy from cholera and their surroundings, the vahdity of the Greig 
test as a basis of distmction has been questioned with considerable re®en e bv 
certam of the Dutch workers, notablj Otten (1939) de 3Ioor (1939), howeier, 
no\s appears to support the validity of the test 

Read and Pandit (1941) show that there is an almost complete correlation 
between the Indian sources from which the agglutmable vibno can be isolated 
and the Greig test, slightly modified This is, however out of hnemth the findmgs 
in the Celebes Islands 

This coinmumcation gives the results of submittmg strams of fairly recent 
ongin from Indian and Celebes sources together with a few classical El Tor strains 
for comparison to tests on goat’s blood cells earned out under different conditions 
of temperature and owgen supply both on sohd and in fluid media 

J, MR ( 183 ) 
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V cho]era3 and El Toi Type Stniim 


The strains used me given in TahJe I — 

Table I 


Lis/ of strains employed 


t 

Strom number 

Source 

^ Place of 

isolation 

Date of 
isolation 

Serological 

ti-pe 

TJICH 1800 1 

( nsi 

, Calcutta 

20-5-30 

' Inaba 

I 

CST 100 



2-10-40 

Rough 

CST 101 


1 

2-10-40 

Ogaun 

CST 202 


tt 

8-12-40 

] Intcrmcdint 

CST 203 


1 

1 

8-12-40 

1 

j Ogawa 

CST 204 


1 

8-12-40 

I > 

CST 205 


1 

1 

8-12 40 

1 

>/ 

CST 200 

tt 


8-12-40 

tf 

CST 207 

, 


8-12-40 

tt 

CST 208 

tt 


8-12-40 

tt 

BST 92 

f 

Khulna distnct 
Bengal 

3-7-39 

tt 

BST 1470 1 

tt 


21-2-40 


BST 1718 1 


, 

27-3-40 


MST 2817 1 



6-3-40 

Inaba 

MST 1077 

, 


28-1-40 

tt 

El Tor No 1663 
(Damang) 


Celebes Islands 

9-3-3S 

Intermediate 

El Tor No 757 
(Rahim) 

)* 


22-9-37 

Ogarra 

El Tor No 7679 

tt 


2-7-40 

InternietLate 

El Tor No 301 

tt 

tt 

18-1-40 

ft 

E! Tor No 607 

It 

tt 

7-11-39 

ft 

El Tor No 7017 

ft 

tt 

1-7^0 

tt 

El Tor No 7632 

ft 

t 

3-7-40 

t 

BST 1446 1 

Contact stool 

Khulna district, 
Bengal 

10-2-40 

Ogawa 

JIST 2776 1 

tt 

1 

tt 

4-3-40 

Inaba 
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Table I — cotitd 


Strain number 

Source 

Place of 
isolation 

1 

Date of 

I isolation 

Serological 

type 

MST 3380 1 

MST 2831 1 

Contact stool 

Khulna district, 
Bengal 

1 23-4^0 

&-3-40 

Oga^^'p 

Inaba 

El Tor Ko 7804 


Celebes Islands 

16-7-40 

Intermediate 

El Tor No 681 

tt 


2-12-39 

»» 

El Tor No 7951 

t* 

yy 

17-7-10 

> 

El Tor No D 13 

Old El Tor strain 



yy 

El Tor D 
(N G No 3662) 

f 

T 


Ogawa 

El Tor D 
(number lost) 


? 


yy 

El Tor No D 1408 
(N C No 1648) 


1 


tt 

El Tor 

(N C No 3057) 

' 

♦ 


Inaba 

El Tor No 1905 
(Gotschlich) 

ty 

? 


yy 

BW 44 

BW 90 

Contact water 

*f 

Khulna distnot, 
Bengal 

3-7-39 

13-7-39 

Ogawa 

yy 

BB 793 1 

y 


16-2^0 

yy 

31\V 990 1 

yy 

t» 

23-12-39 

Inaba 

BW 990 1 

yy 

yy 

1C44-40 

Ogawa 

iI\V 1416 1 

yy 

yy 

4-3-40 

Inaba 

El Tor No 7729 

yy 

Celebes Islands 

9-3-40 

Intermediate 

El Tor No 103 

yy 

yy 

16-11-39 

yy 

El Tor No 7685 


yy 

2-7-40 

yy 

ET Tor No 7687 


y 

2-7-40 

yy 

El Tor No 7633 

y 

" 

27-1-40 


b I Tor No 970 


yy 

12-1-40 


B\\ 92 

Non contact water 

Khulna district, 
BengaL 

13-7-39 

Ogawa, 

■MB 120T 


" 

17-7-39 

ft 
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V cliolerce and El Toi Type Strains 
Table I — condd 


1 

1 

Strnm number j 

Source 

1 

P’nco of 1 

isolotion 1 

Date of 
isolation 

Serological 

type 

BW 495 

Non contact water 

Khulnn distnct. 

30-11-39 

Inaba 



Bengal j 



MW ICO 



24-7-39 

Ogawa 

MW 136 



19-7-39 

ft 

BW 203 


i 

j 17-8-39 

ff 

MW 142 

1 1 

* 

19-7-39 

1 

ff 

MW 276 


t 

21-8-39 

ff 

MW 893 


f* 

1 11-12-39 

Inaba 

hrW 1109 



26-l-^0 

Ogawa 

MW 2019 



12-7-40 

Inaba 

SW 7 3 


Tatta, Sind Prov- 

24-10-40 

Intermediate 



mco 



SW 36 1 

1 

1 

ff 

27-10-40 

ff 

PW 366 1 


Patna district, 

11-8-40 

ff 



Bihar Province 



PW 433 2 

1 

>» 


20 8-40 

ft 


Inaba 

Ogawa 


Serological type ‘ 0 ’ group I, Gardner and Venkntrnmnn (1935) subtype 

Inftbcv \ Hilt) tvP® 

Serological typo ‘ 0 ’ group I, Gardner and Vonkatraman {loc 

Intermediate Healing Tvith typo specific scrum of both sub ), 

Rough Serological rough type of ‘ O ’ group I, Gardner and Venkatrnman I 

Yang and White (1934) gtrams, mostly 

Celebes strains were received through the courtesy of 1> do , r Tropical jfediomo, 

through the courtesy of Major C L Pasrioha, IMS, from the School ot irop 


Calcutta 

The exact history of all Celebes Islands strains is not certain 


The tests to which these vibnos were submitted were as follows 

1 Mohfied Greig test —The original tests as done by Greig 
earned out in an untry| 3 Sinized alkaline broth In this series o g 
(Douglas, 1914) was prepared mth 0 85 per cent NaCl, as it was foun , ^ 

instances that controls would hseniolyse when 0 5 per cent i a wa heing 

4''x a" test-tubes were employed, the total volume of fluid m eac 
1 5 c c 

Strains were kept on agar slopes and sub-cultured every 14 days 
respects the techmque recommended by Greig was adopted 
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The results of tests ■were as gnen in Table II — 


Table II 


Source 


Case 


Contact Etook 
Old El Tor strama 
Contact ivater 


Non contact rrater 


RcbuJls of modified Grug test 


Place of isolation 


Number of strama 
shourng hsemolysis 


Number of strama 
not shoivmg 
htemolysis 


( Calcutta I 

j Khulna J 

[ Celebes Islands 

{ Kimlna 

* Celebes Islands 
? 

I Khulna 

. I 

j Celebes Islands 

( I Khulna 
I Bihar 

Smd j , 

1 — 

Total i 


0 

7 

0 

3 

6 

1 

6 

14 


36 


16 

0 

4 

0 

1 

6 

0 

1 


26 


In the above tests it wiU be seen that there was a veiy high degree of 
correlation between the sources of Indian strains and the results of the test , 
Celebes Island strains were universally hsemolytic but it has not been possible to 
verify their epidemiological history, though they were almost certainly isolated 
from sources m contact -with the disease One old El Tor strain (obtained through 
the School of Tropical Jledicme, Calcutta) proved non-hfemolytic 

In further studies strains -will be classified as Greig-positn e and Greig-negativc 
strains 

Effect of temperature at which the test is set — ^In the Greig test after a 
prehtmnary incubation for two hours at 37°C the test is set m the ice-bov 
The effect of increasing the temperature at whicTi this test is set to 37°C was 
tested both in broth cultures and on blood-agar plates Cultures m Douglas 
broth mth 0 85 per cent NaCl were groivn for 1 2, 3 5, 10 and 15 days and 
the goat’s cells then added and in addition blood-broth tubes containing 
washed cells at 2 5 jier cent concentration were inoculated and incubated In 
blood-broth tubes, 1 5 c c total flmd was emploved The red cells were added 
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to the broth and the culture inoculated before the cells had deposited Blood 
agar was poured in uniform-sized plates with a fixed quantity of 2 per cent 
Douglas-broth agar and 10 per cent of washed red cells, so that the depth of the 
medium was 4 inin One organism only ^\as groMu on each plate 

Table III 


Res^iills of tests on citUures m jknd media grown at 37°C ccrdbica}hj 
and test set at 37°C cerobieally 



Number of strains 
sho'wing hromolysis — 






1 

1 

1 





1 



i 

i 

] 

i 

I 

1 



Complete 

16 

30 

26 

0 

3 

2 

36 

3b 

31 

1 

0 

4 

1 

2 

30 

30 

32 

11 

6 

1 ^ 

Partial | 

1 


6 

2 

2 

4 


1 

6 

7 

1 

3 

6 

1 


1 

4 

1 

22 

2i 

1 

10 

Trace 



0 

4 

3 

6 




7 

7 

7 




3 

16 

11 

12 

Nil 




24 

28 

1 

26 

1 ! 

i 

1 

1 

lb 

22 

21 

! 

i 



1 

1 

14 






Greig negaliic < 

organisms 









--- 

Complete 

Partial I 

1 



1 

1 


1 

2 


12 

12 

10 

9 

12 

17 

16 

1 

2 

13 

1 

m 

1 T 

Trace 




O 

3 

i 

1 

3 

8 

7 

4 

7 

4 

9 

1 

6 

3 

S 

7 

Nil 

21. 

20 

20 

1 

24 

23 

1 26 

21 

18 

7 

10 

9 

13 

6 

1 

0 

1 

5 

^ 2 

' 6 

t 1 


In all these experiments complete hiemolysis was recorded when aU tlie red cells that 
sedimented to the bottom of the tube had disappeared and debris only romamed or when tne conai 
was such that it was difficult to decide whether or not the red cells had been removed No 
was taken of the colour of the supernatant or of the distribution of the lysed hremoglobin in it . 
red cells once they had sedimented n ere not disturbed Trace hremolysis when produced m 
oxygen supply was alwaj s the so called ‘ cap htemolysis ’ and could not he estimated m this w 
but n as read as the smallest change that could be detected on obseri ation, the criterion being n . 
layer of clear purple fluid superimposed on sedimented red cells Partial hromolysis reprcsentcQ n 
intermediate stage between ‘ complete ’ and ‘ trace ’ and n as always accompanied by the 
sedimented red cells A recording of complete or trace htemolysis therefore gives some ** gjj 
of the comparative htemolytic power of different strains for a gi\ en concentration of red cells u 
but this 18 less the case hen a recording of partial hromolysis is made This system was, ifj' 
found largely to obviate i anation in readings from alterations in the colour of the supernatant 
which in later readings mai occur to a marked degree 
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From Table III it will be seen that a large number of Greig-positi\ e orgamsms 
fail to show hiemol} sis after three days There is some dunmution of activity in 
three-day cultures Late readings of the older cultures show an mcrease m the 
number of partial reactions Early cultures gi\ e almost imiversally complete 
reactions Two strains differed from the rest in retaimng their hsemolytic activity 
ummpaired up to 15 days and one more up to ten days In blood broth the Greig- 
positne strams showed h^molvsis after 21 hours incubation 


Table III-u 

Re'yidh of teblb in blood bioth conlninnKj 2 5 per cent washed 
cells incubated at 37°(? 


(jreig posiitie orgatm^ms 


Greig ncgalirc organisms 


ciL wmcn reaauig w as i 
taken — 

1 r ' 4 

1 


, 1 

5 

I 

1 

i 

•> 

1 


4 

5 

iJamber of Btrams showing ^ 
htemob — j 


1 

1 1 

i 


1 

1 

1 


Complete 


a>4 

4 

i 




7 

Partial j 

30 1 7 1 i 

2 

2 j 


2 

14 

21 

lU 

Trace 

; ' 1 




1 

6 

4 


Ad 

t ‘ 

1 


1 

1 40 

43 

8 

1 



With 24:-hour readings of Greig-negative organisms trace reactions are recorded 
only with occasional older cidtures From 48-hour readmgs of cultures of all da}s 
there are positive reacbons, but more occur amongst the older cultures There 
are more positn e readmgs m 72-hour readmgs than in 48-hour ones The reactions 
are almost aU partial m type In blood broth the Greig-negatn e strains shoy 
haemolysis from 48 hours’ mcubation onwards, increasing in number and degree 
up to five days A considerable degree of browmng of the luemoglobin occms in 
tubes that are incubated beyond 72 hours 

It mil be noticed that the mcrease m the nmnber of the partial and trace 
ha 2 mol 3 -tic reactions obtained in the late readings of the older cultmes of Greig- 
positive strams is suggestive of the tvpe of reactions obtained mth the Greig- 
negatue strams 

With regard to repeat tests mth am gi\ en strain it t in be said th it minor 
variations occurred onb^ mth young cultures but that more \ariations occurred 
with older cultures, especiall} mth late readmgs 24-hour readings yere almost 
umaersally stable from test to tc&t Thus the Greig tc'-t is sujijmrted li\ e irK 
readmgs ylien the test is set it i7°(' in fluid medium but not b\ late readmgs 
Tlie late readmgs differ m their degree from the earh readings In no case is m 
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early reaction of tlie complete t}^c produced by prolonging the incubation of the 
cultures, indeed the eftect of such prolongation on most of the Grcig-positive 
strains is to decrease the early activity 

Action on blood ogar — Blood-agar plates v ere incubated lerobicnlly up to 
five or seven days Naked-eye observations v ere alone recorded In order to 
study action on the lysis of the blood cells, a record v as made of the folloimg 
points — - 

1 Presence or absence of detectable reduced hsemoglobm below the area 

of growth 

2 Degree of clearmg of the blood cells subjacent to the area of the 

'' growth 

3 Presence or absence of zone area external to the growth area in which 

alteration, dinunution or clearmg of the cells occurred 

4 Degree of such change m the zone area 

5 Presence or absence of visible green pigment This was estimated 

by observation with obbque transmitted light, the plate bemg held 

opposite to a window shutter 

6 Presence or absence of variant growth m the zone area 


Table IV 


Results of tests on agar containing 10 per cent washed cells incubated 

at 37°C 


Days at winch reading was 
taken — 


Number of orgamams show 
mg — 

lleduced h'emoglobm under 
groivth area — 

Present 

Absent 

Medium subjacent to growth 
area — 

Blackened 

Blood cells partially 
cleared 

Blood cells completely 
cleared 


Gretg poaihie orgamams 

■ 

2 

3 

4 

6 

28 

9 

3 

2 

2 

s 

27 

33 

34 

34 

2 

0 

0 



16 

6 

2 



19 

31 

34 

30 

30 


Gretg negahcc orgamams 




2 18 

,4 8 

3 7 
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Grcig positirc organiim. 


Gretg negative organisms 


taken — 


1 ! 

. 2 , 

3 

4 

5 

1 

2 

3 j 

4 

6 

Medium m zone 

i 

area — 





1 





1 

Size of zone m mm i 

*-3 

h-~ 

2-14 

4—17 1 

7-17 1 


1-3 


h-’i 

1-10 

Blackened 


2 





i 




2 

Blood cell? 
cleared 

partiallv | 

27 

10 

1 

2 

2 

2 ' 


1 

3 

2 

4 

Blood cells 
cleared. 

completelv 

7 

j 26 

34 

1 34 

34 

1 

2 

5 

14 

17 

Ito zone 



i 




1 26 

23 

IS 

9 

3 


A B — Strama which showed no zone formation in five days in all except 2 cases showed a 
fully or partially cleared zone in seven davs 


Variant growth — 

Xumber of atrams m 
which — 

Present 

0 

10 

! 

20 j 

1 

21 ! 

1 

1 21 

0 

j 

1 

I 

1 

1 

1 

Absent 

36 

26 

16 

1 

1 

15 

! 16 

1 

1 

26 

25 

25 

25 

25 

Pigment — 

Xumber of strains — 

Producmg 

1 

1 

27 

! 

1 

1 

33 

1 

1 33 

! 

1 

S'* 

1 

0 

i 

1 

1 

2 

1 

1 

! 

7 

1 j 

16 

IS 

Xot producine 

35 

0 

3 

3 

1 

' 3 

20 

' 24 

1 

1 

19 

10 

1 

1 

8 


Viewed on the basis of the abo\ e criteria the reaction in both Greig-positi\ e 
and Greig-negatii e organisms seems to follow a similar series of changes, bnt'the 
rate at which the changes occur vanes The first change is a blackenm^ of the 
growth area (as recorded bv transmitted hglit) This is not entirely a question of 
the opaciti of the growth because it has no relation to the thickness of the growth 
and can be detected as an earlv sign of zone formation external to the area of 
growth In the case of Greig-positu e organisms the rate of change is so rapid 
that this appearance is rarely present in one-dav cultures though it is bi far the 
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commonest appearance in Greig-negative organisms The ne\t change is a partial 
clearing of the red cells subjacent to the growth area leading an area where 
reduced hamioglobin is easily -s isible This area is naturally more eindent when 
the growdh opacity is small In the case of the Greig-positi\ e organisms this area 
is visible in one-day cultures and has usually disap^ieared in tiNO-day cultures 
111 the case of the Greig-negative organisms this purple area persists in many strains 
up to five days and its appearance and disappearance is more gradual in all The 
clearing of the led cells subjacent to the growth area precedes the zone formation 
though both are present in Grcig-jiositive organisms m one-dav cultures The 
clearing of the red cells m the zone area is at first incomplete, the clearing spreadmg 
outvrards until the whole is completely cleared As soon as it reaches the latter 
stage the green pigment becon es evident It appears that those orgamsms in 
which the pigment is not detected do not comjiletely clear the red cells Naked- 
eye observation will not reveal at what stage the pigment is first produced as it 
may be masked by the mconijilcte clearing of the red cells in the earlj’’ stages With 
very few exceptions the final appearance m the case of all strains tested was the 
same if growdh was sufficienth prolonged i e a dafk or pale growdh area free of 
reduced haemoglobin surrounded by a broad green zone completely or nearly 
completely freed of red cells "Where the zone area is rapidly formed and cleared 
the cultures tend to throw out protrusions of vaiiant growth which inU grow for 
two to three days across the zone area The cultural appearance of this growth 
IS completely different from the parent growdh though there appears to be no other 
essential diflerence in the orgamsms so growing This \ ariant up to three or four 
daj^s’ incubation may cover the entire zone area After that the zone formation 
outstnps it and a clear zone is formed externally Only one Greig-negative strain 
which produced an early zone gave rise to this appearance though many of the 
Greig positives did so Two of the Greig-positive orgamsms failed to destroy the 
reduced hmmoglobm subjacent to the giow'th area in five days and they also failed 
to clear aU the red cells in their zone area In addition pigment was not detectetl 
There are also other points of difference 1 etiveen the latter cultures and the other 
Greig-positive orgamsms and they will form the subject of later comment To 
summarize there is no essential difference in the growth appearance on blood agar 
produced by both Greig-positive and Greig-negative orgamsms but there is a very 
marked difference in the rate at which the changes are produced The findings 
are analogous wuth those in blood broth enumerated above 

In blood-agar plates incubated anaerobically in McIntosh and Fildes’ jar, the 
Greig-positive orgamsms showed an mcpmpletely’^ cleared zone around tlie growtli 
even in 24 hours but in the Greig-negative orgamsms there w as absolutely no zone 
formation around the area of growth even after nme days There was no green 
pigment m either the Greig positives or negatives 

Effect of rediicinq the temperature at winch the test is set — This test only differed 
from the Greig test m that 1-, 2-, 3-, 5-, 10- and 15-day cultmes m Douglas broth 
grown at 37°C were used and the test set at ]2°C uji to three da^s The 
prehminari^ incubation at 37°C for twm hours was dispensed wuth the cultures 
being placed as qmcldy as possible m the frigidaire, usually half an hour aftei 
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the blood ■was added to the cultures (benth temperature about 80°F ) The 
testB of the Greig-positive organisms are summarized m Table V — 


Table 1 


Residts of tests in cultures tu Jhtid media of Greig-positwe oigams7)is groun 
at yj°C arobically and test sit at 12°C cvrobically 


Honrs at which reading 
was taken — 

1 



24 


] 

1 


48 



72 

1 

Age of cultures in I 
days — j 

. 

0 

3 

5 1 

i 

10 

' 

16 1 

1 ' . 

O 

3 

1 

! 

6 

1 

1 

10 

i 

15 

1 

' 2 

1 

1 

1 

3 

6 i 

10 

16 

Number of strains 

showing hmmolyais — 



1 

1 

1 

1 

1 

1 

1 

1 ' 


j 








1 


Completo 

33 

30 

i 

13 

5 

1 

1 , 33 

30 ^ 

13 

i 

6 

1 

1 

33 

30 

13 

5 ' 

1 

1 

Partial 

3 


5 

1 

1 

1 1 

1 j 

1 

! 2 ' 

3 

! 

i 

c i 

1 


o 


3 I 

i 


7 

I 

2 


Trace 



0 





0 

1 

i 



1 

8 

1 

I O ; 





12 

1 

31 

1 

33 

1 

35 

1 


11 

30 

1 

33 

36 

i 


8 

i 

1 30 

1 i 

31 

i 

35 


Gre^g-negative organisms — These were m a parallel series to the Greig-positn e 
organisms and completely failed to lyse the red cells 

Reduction of the temperature at which the test is set has reduced the number 
of positive reactions from three-day cultures of Greig-positive organisms 
Presumably, therefore, it wdl reduce the power of all strains to cause lysis though 
this IS not evident from the results with the younger cultures In addition the 
increase m the number of partial positive reactions m the later readings of the 
older cultures is abolished One culture retains its h'emolytic power up to 15 days 
and three up to ten days These four jiiclude the three cultures which retained 
their power to effect complete hiemolysis up to 15 or 10 da-^s when the test uas 
set at 37°C and also the two cultures which failed to form evident pigment on 
blood-agar plates In parallel with the above the power of the Greig-negatn e 
orgamsms to effect late luemolysis seen at 37°C uas completely abolished 
at 12°C 

Effect of altering the oxygen tension — ^The effect of this uas studied both bi 
restricting the access of ox}gen during the period of growth of the cultures and 
also in the case of airobicalh grown cultures dunng the period in which the test 
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was set lor examination Partial restriction Aias secured by the use of vasebne 
seal and full restriction by the use of McIntosh and Fildes’ jar Temperature was 
maintained at 37 °C 

A Cultuies grown under va^ehne seal and set under vaseline seal (brotb 
before inoculation was boiled and qmckly cooled) 


Table VI. 


Results of tests in cultures in fluid media of Greig-positive oiganisms grown at 
under vaseline seal and test set under vaseline seal at 3'1°C 


37°C 


Hours at which reading 
was taken — 



24 





4S 





72 


1 

Age of cultures in 
days — 

1 

1 

0 

1 

3 

1 

1 ' 
j ^ 1 

10 

1 16 

1 

1 o 

1 ^ 

3 

6 

10 

16 

1 

0 

3 

6 

1 

1 

lo 

Numlwr of strains 

showing hajmolysis — > 

Complete , 

30 

1 

1 

36 

1 

1 32 

8 

1 

1 

14 

1 

21 

1 

1 

35 

36 

j 

30 

1 

27 

1 

31 

30 ' 

36 

. 36 

33 i 

1 

33 

33 

Partial 

Trace j 

Ntl 1 

0 

1 

4 

28 

22 

16 

1 

1 

1 

0 

0 

6 

1 


1 

3 

3 

1 3 


Greig-negative oiganisms — Cultures of one, two and three days’ growth only 
were tested up to 72-houx readings, all of which were negative 

With the above may be compared the residts of inoculatmg blood broth and 
mcubatmg under vasebne seal This was repeated on several occasions ana 
although the majority of Greig-negative strains failed to cause lysis even after nme 
days’ incubation, certain strains would do so even after 24 hours’ growth in any 
given series 

On successive tests, however, it was seldom the same strains that behaved 
in this way and the conclusion was formed that the results must be due to some 
difference in the way the test was set up in the case of individual tubes Greig 
positives gave a partial reaction m 24 hours and a full reaction in 48 hours, this 
m spite of a very small increase in opacity m the cultures 


B Cidtures grown in the anwiobic jar and test set in the anarrohic jar j 
preliminary trial showed that Greig positives could not fully develop their 
hfcmolytic power till they had been incubated three days, also that continuous 
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opening and closing of the jar daily would affect the residts obtained Cultures 
were therefore set for test after three days’ growth and in the case of the Greig- 
negatiye organisms also after mne days’ growth 
The results obtamed were as follows — 

Grejg-posittve organisms — 


Table ^^I 

Resvlts of test in cultures in fluid media groion at 37°(7 in 
McIntosh and Fildes' ancerobic jar and test set 
at 37°C in Blclntosh and Fildes’ jar 


Hours at u-hioh readings were 
taken — 

Oreig positive organisms 

24 4S 

72 

Age of cultures m days — 

3 1 3 

3 

Number of strams showmg 
hiemolysis — 

Complete 

Partial 

Trace 

Nil 

1 

1 8 35 

1 

28 1 

1 

36 


It will be noticed that the test took longer to deyelop the complete reaction 
as compared with the test done airobicaUy either at 37‘’C or at 12°C Similar 
results could be obtained if the cultures w^ere grown anairobically at 37°C and the 
test set at 12°C serobicaUy , m this case, however, five of the Greig positn es 
remamed negative at 21-hour readmgs and two at 72 hours 

Greiq-negative organisms — ^No strain gave any reaction under the same 
conditions enumerated above 

The matter was pursued further by examimng these strains m blood broth 
The Greig positives reacted as before The Greig negatives gave results which 
were out of hne wuth those enumerated above, viz that a large majority of 
cultures gave heemolysis of varymg degree, of which 12 to 23 per cent were 
of the complete type AVith a stnctly controlled expenment it was found 
however, that on opening the jar on the ninth day only three strams showed 
hcemolysis of the partial type but all the rest including the umnoculated 
blood-broth control gar e a famt trace of hsemolysis As both terobic and 

anterobic plating of the cultures showed absence of contamination in the 

cultures and sterility of the umnoculated control tube, the conclusion was 

arrived at that the famt trace of hiemolysis observed m the control and most 
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of the other tubes was due to spontaneous lysis of tlie corpuscles due to ageing 
The results are recorded in Table VIII — 

Table VIII 


Resulib of tests iii blood hotli contaimng 2 5 pe) cent nashed celh set 
in McIntosh and Fildes' gar incubated at d7°C 


1 

Dn 3 's at which readings were 
taken — 

Oreig posilne organisms 

1 2 2 

1 

Oreig tiegalne 
organisms 

9 

Number of strains shoinng j 
h'eniob'sis — j 


j 



Complete ! 

' 8 

35 

3b 

* 

Partial 

1 

2S 

1 


1 ^ 

Trace ^ 

1 



\ 

Nil 




23 


* There was n faint trace of hromolysis m all the negatives as well ns the 
saline control 


The results of blood broth set under vasehne seal are given m Table Vlll-a 


Table Vlll-a 


Results of tests in blood broth contaimng 2 5 per cent washed cells set 
under vaseline seal and incubated at 37°0 


Days at yhich readings were 

Qreiq positive organisms | 

Oreig negative organisms 

ta.ken — 

1 2 3 

4 

1 2 ^ 

...1 

3 

1 ^ 

6 0 7 8 

Number of strains shoeing 







haimolysis — 


1 





Complete 

1 27 33 

36 




2 

Partial 

35 0,3 





2 3 6 7 

Trace 

1 




1 

1 3 1 1 

Nil 

1 

i 

» 


20 26 j 

20 

1 

20 

23 20 20 18 


N B — The control tube (uninoculated) began to show trace h-einolysis on the sixth day 
partial Insmohsis on the eighth day but was found sterile on plating 
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The results ure similar to those enumerated al)Ove Blood-broth cultures of 
6reig-negati\ e orgamsms are all of them le^itue up to the fifth day and there- 
after there are some positives but the lontio! ilso shows a certain amount of 
hsemolvsis from the sixtli dav 

C Effect of resluthon of orygen biijjphj ulien the te^t ts set — Cultures Mere 
grovrn erobicalB for 1 2, 3, 5, 10 and 13 d8^‘^ and the test set under vaseline seal 
The results are gii en m Table IX — 


Table IX 


Results of tests in cultures in find media incubated at Z1°C aerobically 
and test set at 37°C under lasehne seal 


Honrs at Tvliich rending 
■n’as taken — 

! 

24 

48 

72 

Age of cultures m du ys — 

1 

1 ( 2 

1 

1 5 

1 

10 I 15 1 23 

1 > ! 

6 1 10 1 15 

1 

2 

1 1 ' 

1 3 ' 6 1 10 

1 

15 


Gretg positne organisms 



Complete 






I 


j 



3 , 


Partial 






(> 


4 

1 

4 

22 

20 j 


Trace 








1 . 

) 

1 

4 

{ 

3 , 



26 

2(. 

25 

20 

26 

14 


1 

JO \ in 

1 

[ 

IS 

1 


20 
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whicli exist, presumably comparable one witb the other with any one concentra 
tion of blood cells The numbers of cultures reacting in the senes are, therefore, 
an indication of the relative sensitmty of the two methods This matter will 
be referred to later 

In blood broth all Greig-positive organisms showed hsemolysis m 24 hours 
and aU Greig negatives failed to show it On further incubation six Greig-negative 
orgamsms showed lysis m 48 hours, 19 in 72 hours, 22 m four days and the whole 26 
of the senes m five days 

Effect of setUng the test at 12°C — ^The results are given m Table XTT — 


Table XII 


Results of tests in cultures %n fluid, media gtoun at 37°C cerobically 
and test set at 12°C cerobically — blood concentration 
0 6 per cent 


Hours at -whioh readmg was 
taken — 

Grexg positive organisms 

1 24 

48 

72 

Age of cultures in days — 

1 

2 

3 

1 


3 

1 

2 

3 

Number of strains showing haimo 





■ 





lysis — 










Complete 

14 

27 

10 

14 

32 

17 

16 

1 

32 

18 

1 

Partial 

7 

8 

i 

4 


4 

3 

17 

4 

2 

1 

Trace 

15 

D 


0 

1 


4 


1 

Nil 


1 

16 



16 



16 


All Greig-negative orgamsms failed to show lysis The results with Greig- 
positive orgamsms show that as compared with 2 6 per cent blood cells the tes 
records fewer positive reactions 

Effect of the restriction of the oxygen tension — Greig-positive orgamsms were 
tested by growing at 37 °C under vasehne seal and settmg test at 12°C aerobically 
Greig-negative organisms were tested by growing at 37°C under vasehne seal and 
setting at 12°C under vasehne seal 
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Greig negatives did not produce any lysis The results of Greig positives 
are given m Table XIII — 


Table XIII 


Results of tests m cultures of Greig-positiie organisms in fluid media 
grown at S7°C under xaseline seal and test set at 12°C 
cerohically — hlood concentration 0 5 per cent 


Hours at which reading was 
taken — 


24 

1 

48 


1 

j 72 

Age of cultures m days — 

1 

1 2 ' 3 ; 

1 1 

2 

3 

1 ^ 

2 

3 

Humber of strains showing haimo 


1 







lysis — 









Complete 

14 

1 28 ' 30 

23 

29 

34 

27 

29 

34 

Partial 

17 

14 16 

10 

6 

1 

6 

0 

1 

Trace I 

3 

i 3 ' 

2 

1 


2 

1 


m 

2 

^ 1 1 1 

1 


1 1 

1 

1 


1 


In blood broth Greig-positive organisms showed complete hsemolysis after 
24 hoars’ growth The results of Greig-negative organisms are shown in 
Table XITE-a — 


Table XIII-o 


Results of tests in blood broth containing 0 6 per cent washed 
cells incubated at 37°0 under vaseline seal — blood 
concentration 0 5 per cent 


Days at which reading was 
taken — 

Greig negative organisms 

1 

o 

1 

3 

Number ot strains showing 




hremolysis — 

1 

1 


Complete 



7 

Partial 


7 

7 

Trace 


2 

8 

Ntl 

26 

17 



Greig positive organisms showed complete h-cmolysis after 
24 hours’ mcubation 


The restriction of oxygen supply by these methods will enormously improve 
the ease nith which results can be read as there is no trouble from fading etc of 
the htemoglobm 

The results when the cultures were grown cerohically and the tests set under 
vasehue seal are given in Table XTS’' 
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Table XIV 


Results of tests in jlmd mcdta of cvltwes grown at 37°(7 arohically and test set 
undei vaseline seal at S7°C — blood concentration 0 5 per cent 



Tile above results again emphasize the reduced sensitivity of 0 5 per cent 
cell concentration to the action of Greig-positive organisms in early readings hut 
increased sensitivity m late readings to the action of Greig-negative orgamsms 
Effect of chemical i educing agents — This was investigated in exactly the 
same way as n ith 2 5 per cent cells The results were of the same order AH 
Greig-positive orgamsms showed a high degree of heemolytic activity even in 
three-day cultures but the results with Greig- negative strams were similar to those 
obtained m the absence of reducing agents 


Table XV 


Resides of tests in flmd media of cidtuies grown at 37°C corohicalhj and chemical 
reducing agents added hefoie test is set undci vaseline seal at 37°C — 
blood concentration 0 5 pei cent 


Hours at whioh roaduig 
was taken — 


Ago of cultures lu daj s — 


Number of strains 
showing humolysis — 
Coraploto 
Partial 
Trace 
YU 


ffrctff posaiie orgamsms 


24 


4S 


35 36 

1 


32 36 

4 


36 


35 

1 


72 


38 1 36 


Gretg negative ovganitnis 


24 


36 

1 


3 

2 

21 


10 

6 

6 

4 


48 


72 


1 

6 

7 

12 


20 

1 
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The decieased sensitivity of 0 5 per cent cells as compared to 2 5 per cent cells 
ivas confirmed by several titration experiments of which the following is an 
example 

Table Xn 


Besults of experiments done with 2i-hour cultures of two Greig-positive 
organisms using washed cells in 2 5 per cent and 0 5 per 
cent concentration test set at 12°C 


Cultures 


Culture iro' 130 


Hwmolyns — 

I hoiw reading 


2 hour reading 
Overniglit rending 


Cells 2 6 per cent 
„ 0 6 
25 
5 

2 6 

„ 0 6 


• j „ 2 

I „ 0 


Culture dilution 


1/2 1/6 1/10 1/20 1/40 Nil 


C 

P 


c 

p 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 


c 

p 

c 

c 

c 

c 


c 

p 

c 

c 

c 

c 


Culture El Tor 103 Celebes I 







Hmmdlijsis — 

' Cells 2 6 per cent 

c 

c 

1 

c 

1 

1 

c 

1 

c 


1 hour reading 




1 




1 „ 0 6 







2 hour reading | 

1) 2 6 „ 

c 

C 

* 

c 

1 

C ' 

1 

' c 


»» 0 6 fy 

tr 

c 

c 

c 

p 


24 honr reading \ 

1 

r f 2 6 ,, 

c 

c 

, C 

1 c 

1 

c 


[ f, 0 6 

tr 

c 

( 

c 

1 c 

1 

p 



C = Complete hiemolvaiB 

P = Partial liTmolysis. 

[ tr = Trace hicmol^sis 

= Xo h'cmolyais 

Culture SnV 136 was one that retamed its early hremolytio actnitv unimpaired m 16 days’ 
airobie cultures 

El Tor Celebes 103 ivns one that lost this actinty after the third daj of mcubation 
In the 0 5 per cent senes \ ery little fadmg of the lysed hamoglobm occurred mth the former 
strain, while marked or complete fadmg occurr^ from the first hour onwards with the second 
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The above haBmolytic strains which differ in character* botli show a 
decreased activity with respect^ to red cells m a concentration of 0 6 per 
cent There is to some extent a zone phenomenon as it is most endent 
when undiluted cultures are used, i e when there is a final concentration of 
the culture of ^ 


Action of aniihcemolysin sera — ^Potent antihaomolysm sera against two 
Greig-positive cultures -were raised from rabbits by the method advised by 
Goyle (1938) These were employed to test their efiect on the hiemolysis 
produced by Greig-positive and Greig-negative orgamsms The titre of 
these sera against the homologous strain were 80 and 10 The organisms 
selected for injection into the rabbits were (1) an organism which In broth 
cultures was capable of maintaining its haemolytic activity over 16 days or 
longer, (2) an orgamsm which rapidly lost this power after the third day of 
growth No qualitative differences in these sera were detected when tested 
against a number of Greig-positive strains No presenmtive disinfectants were 
employed The results recorded below are almost all of them with the more 
potent serum 


Technique — To nme drops of culture was added one drop of anti- 
hsemolysin serum (and in controls one drop of normal rabbit serum or one 
drop of saline) Tubes were incubated for one hour at 37°C' for mteraction 
if any to take place Then ten drops of a 6 per cent goat’s red cell 
suspension were added Tubes were incubated at 37°C for three days The 
final dilution of the serum was therefore 1 in 20 Tests were also put up 
with young cultures up to three days’ growth but with a serum dilution of 1 m 4 
(final concentration) Table XVII shows the results m the case of Greig- 
positive orgamsms 


While the normal rabbit serum was without effect on the results, no haunolysis 
occurred in the presence of the immune serum with a concentration of | When 
the serum content was reduced to 1/20, haemolysis was able to occur in certain 
strains m the presence of immune serum, but when reduction of htemolysm 
content was efiected, as by usmg 4-, 6-, or 13-day cultures, the haemolytic action 
was specifically inhibited One strain which showed a very small haemolytic titrc 
was inhibited by both normal rabbit serum and immune rabbit serum 


The results with Greig-negative strains are given in Table XVIII 


In all tests except one there was no evidence of specific action of the 
antihaemolysin serum Except in three-day readings of 16-day cultures haemolysis 
was inhibited by both normal and immune rabbit sera , where hsemolysis tooK 
place m the presence of sera it took place equally in the presehce of the norma 
and the immune serum 


* One strnm was able to retain its hfemolytio power m air up to 16 days 
three days’ incubation 


The other lost it after 




+ •=. Coniplolo or imrtml hnniiolynif — = A i/ or tmco hwnioljsls. 

Snl Snlini, control NRS « Normal mljbit Hcnim control 

IRS •= Immune rnbblt scrum {nnllhiomoljsln). 



















Table XVII — concld 








Table XVIII 

liesiilts of tests of Greig-itegalivc mllvres in fluid media groicii at 37°(7 aiohiculhj ami test set at 37°C. 

wrobicallij in the piesencc of an antihwmohjnn serum 




ssn 

+ 

1 

1 

1 

1 

1 

1 

+ 


1C 

SHK 

+ 

1 

1 

1 

1 

1 

1 

+ 




+ 

+ 

j- 

+ 

+ 

+ 

+ 

+ 



sai 

1 1 1 1 1 1 1 1 


r* 

sax 

1 1 1 1 1 1 1 1 
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+ 

T 

+ 

+ 

+ 

+ 

+ 

+ 



SHI 

1 

1 

1 

1 

1 

1 

1 

1 


o 

sax 

1 

1 

1 

1 

1 

1 

1 

1 




+ 

+ 

+ 

+ 

-h 

+ 

+ 

+ 



sai 

1 

1 
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o 
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1 
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FS 

+ 
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sai 
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fcnl » Snlino control NRS » Normal rabbit senim control 

TRS *= Iminnno rabbit scrum (antihiumoljTiin) 
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Action of cultures hilled by fortnahn — ^Doiiglas-broth cultures were treated 
with formalin in a concentration of 0 1 per cent and the tubes were incubated at 
37°C for four hours They were then tested for sterility This exposure was found 
invariably to kill the cultures A further sterility test was taken on completion 
of the test The results are shown in Table XIX — 

Table XIX 


Results of tests of cultures in fluid media grown at 37°(7 ccrohcally and hUed by 
0 1 per cent formalin and test set at 37°C cerobically 


1 

Hours at wlucb reading ^ 
was taken — 



24 

1 

i ‘‘s 



72 


Age of culture in 
days — j 

1 

1 

2 

3 

1 

5 1 10 i 

15 

^ 1 

2 

1 

3(6 

10 

1 15 j 

1 

1 j 

2 

1 

1 

3 j 

1 5 j 

1 

10 

15 


Oreig posilioe organtsm') 


Number of strains 






1 










shoinng lucmolysis — 
















Complete 

34 1 22 

14 

5 

1 


36 23 

16 

5 

] 


36 

25 

15 

6 

2 

Partin) 

2 ' 2 

■ 

1 

2 


1 3 


1 

2 



1 


6 

c 

Trace 

1 

1 2 





1 3 
) 

6 

12 

9 

3 


10 

19 

25 

22 

Nil 

, 10 

21 

30 

33 

36 

1 ’ 

16 

18 

24 

33 



2 

1 

0 





1 












GfBtg negahve organisms 


Complete | 




1 ! 

1 

1 j 


1 

1 

1 


1 

1 

1 



1 

1 

1 

j 






Partial 

1 


1 

[ 1 
1 


1 


1 1 

1 




2 

1 

2 

4 

4 

1 

Trace 

1 


1 

1 

i 

1 

1 

2 


9 

11 

6 

2 

2 

2 

16 

16 

17 

9 

Nil 

|25 

26 

26 

26 

25 

26 

24 

1 

' 26 

16 

1 

15 

10 

24 

22 

23 

8 

16 

6 

10 


The presence of formahn has reduced the haemolytic power of broth cultures, 
both of Greig-positive and Greig-negative orgamsms Neglecting trace reactions 
a considerable number of partial reactions are shown m the 72-hour readings oi 
Greig-negative organisms Hremolysis, therefore, by both Greig-positive ana 
Greig-negative organisms can take place m the absence of viable forms of the 
organisms A further attempt was made to try to ehmmate any possible effects 
of the formahn and at the same tune usmg non-viable cultures by freezmg brotn 
cultures (It is a matter of experience that agar slopes of cholera vibrios, 
especially old agar slopes, are easily lolled by cold ) Forty-eight hours’ freezing 
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TOS, however, ineffective, while alternate freezing and thawing 11 times of a set of 
ten seven-day cnltures, also proved meffective One culture was, however, rendered 
sterile A further culture was, moreoi er, found sterile after eight days’ growth by 
accident Both these cidtures (Greig-negative organisms) gave no reaction with 
2 5 per cent red blood cells after 24 hours’ mcubation at 37°C but there was a trace 
reaction m 48 hours, and a partial reaction m 72 hours The addition of 0 1 per 
cent formahn to one of the two cultures elimmated the partial reaction but did 
not prevent the trace reaction 

"With L 3 can’Sle filtrates of Greig-positive and Greig-negative orgamsms, 
it was found that, while the former retained their power of hsemolysmg goat 
cells, the latter lost their activity on these cells With either type of 
orgamsm, care was taken to reject the first 20 c c to 25 c c of the filtrate 
before collecting the sample for test 


Discussion 

A study of the above findings ttiU leave no doubt that the distribution into 
two groups based upon the Greig test is supported m some degree by aU the methods 
of test It is certam that there is a difference of the conditions under which the 
hiemolysm is produced m the two groups The two may be distmguished on a 
tune factor m the production of hsemolysis, ‘ early hsemolysis ’ bemg defined as 
that which is produced withm 24 hours’ incubation from a culture of any age while 
‘ late hsemolysis ’ is produced after 24 hours 

The charactenstics of the early haemolytic type are — 

Hsemolysis is usually complete withm 24 hours In many cases it is so within 
a few min utes 

Keduction of the temperature at which the test is set to 12°C will dimimsh 
the production of hsemolysm but wiU not markedlv affect it under the condition 
of test unless the culture is a very weak hsemolysm producer or has been reduced 
to a relatively mactive stage 

The production of the hiemolysm is very bttle affected by dunmishmg the 
oxygen supply, although the degree of growth m the culture is very shght as 
judged by opacity 

Most but not all of the cultures of three days’ growth and upwards grown in 
an, partially or whoUy, lose then power to cause lysis m 24 hours, but if the oxygen 
supply IS restricted they mamtam it up to 16 days or longer 

There is a high degree of consistency m the results of repeat exammations by 
the same methods 

Hcemolysis is specifically inhibited by an immune serum raised by mjection 
of the hiemolysm into rabbits 

The hsemolysm is not removed by filtration through an L 3 candle 
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The charactenstics of the late haemolytic type are — 

Haemolysis produced is usually partial and with adequate blood concentration 
never occurs in 24-hour readings 

Eeduction of temperature to 12°C at which the test is set completely abohshes 
the power of these strains to produce haemolysis 

The production of haemolysis is vuth adequate blood concentration largely 
abohshed by restricted oxygen supply represented by the use of vasehne seal and 
completely by stnct anaerobiosis as by grovdli m McIntosh and Tildes’ ]ar 

Cultures up to 15 days’ growth are well able to produce then effect if mcuhated 
in the presence of red cells for two to three days such cultures, however, never 
produce rapid complete lysis Their haemol}d,ic power is not destroyed m the 
presence of oxygen 

The degree of inconsistency betnmen repeat tests is much higher than with 
the ‘ early haemolytics ’ 

The haemolytic power is not specifically inhibited by an immune serum 
prepared by mjecting the haemolysin of an early haemolytic type orgamsm into 
rabbits^ 

The haemolysin is removed by filtration through an L3 candle 

Whether therefore the actual mechamsm of lysis is qualitatively the same m 
the two groups or not the pomts of difference are sufficiently great to estabhsli 
beyond dispute the difference based on the Greig test 

The question may arise as to what is the method of choice to demonstrate for 
routine work the difference between the two groups In the opmion of the authors 
the use of reduced temperature used m the Greig test is hkely to brmg certain 
strains that would otherwise be classed as early haemolytic mto the opposite group 
In the series chosen by the authors this has not occurred (one strain labelled El 
Toi of considerable age showed no relationship by any test with the early 
haemolytic ’ type) but when deahng with old cidtures or those with a low lysm 
titre the mistake might occur The distmction between the groups can be made 
by incubating at 3T°C In addition by utihzmg this temperature it is possible to 
make use of blood broth which is rehable and saves a great deal of trouble When 
it IS intended to take readmgs after 24 hours’ mcubation the use of vasehne seal 
wiU abolish the mterference from alterations m the lysed haemoglobin The use 
of blood plates is rehable provided the appearances at the different stages are 
knowm 

Wbth regard to the nature of the active prmciple aU that can be pomted out 
at the present stage is that very different conditions are necessary for the production 
and maintenance of the haemolysm m the two different types of orgamsm WTiat 
these conditions are has abeady been enumerated It was thought for some tune 
that the ‘ late ’ haemolytic effects were likely to be associated with the power of 
the orgamsms to multiply actively TTie fact, however, that both formalm-killed 
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GreIg-uegatl^ e cultures and m two cases cultures kiUed by other means were 
still able to produce hiemolysis is agamst this fact The presence of formahn is, 
howe\er, associated with a partial dinnniition in the hsemolysmg power of both 
types of culture which may be the result of mteraction either with the hsemolysmg 
agent or with the corpuscles, so that the effect of the growth of the culture m the 
production of late hremolysis has not been ehimnated The action of the specific 
immune sera used is agamst the idea that the hsemolysmg agents are the same , 
the proof is not complete Very accurate titration experiments nught possibly 
throw some hght on this aspect of the problem 

It wdl be noted that late hemolysis is also produced by early hsemolysm 
producers, for old cultures m which the capacity to produce early haemolysis had 
disappeared, can stdl produce late haemolysis, which fact is m itself agamst any 
umty hypothesis 

It seems hkely that early and late haemolysis are different from each other 
and are identical with the true haemolytic and haemodigestive ferments descnbed 
by van Loghem (1913) m the case of sohd media The complete e limin ation of 
the cleared and green zone on blood a^ar plates mcubated anaerobically m the 
case of Greig-negative organisms and the presence of only a clearmg without the 
greenmg m the case of Greig-positive orgamsnis support this idea 


Summary 

1 The action on goat’s red cells of F cholercB and El Tor type nbnos groy n 
in isotonic Douglas broth haye been tested by various methods The orgamsms 
were grown m this medium for periods from 1 to 15 days both m the presence of 
air and by restrictmg oxygen by means of vaselme seal and by the use of the 
anoarobic ]ar The growths were tested on goat’s cells by mcubatmg the tests 
at 37°C and 12°C in the presence of am, by restricting oxygen by means of 
vaselme seal and the amerobic jar, and after addition of chemical reducmg 
agents Both 2 5 and 0 5 per cent concentrations of the cells were employed 
Eesults are recorded of growmg the strains m blood broth of the same 
concentration and also on 10 per cent blood agar under serobic and anaerobic 
conditions 

2 The results show that the Greig test is supported m some degree by all 
the methods of test 

3 The strams can be divided mto two groups the ‘ earlv hiemoljTic ’ 
and the ‘ late hiemolytic ’, correspondmg to Greig-positive and Greig- ne^atn e 
organisms In the former group, haemolysis is usually complete within a few 
mmutes to 24 hours is not markedly affected by performing the test at 12'’C or 
under reduced oxygen tension and production of the hsemolysm is not affected 
by exclusion of oxygen In the latter group haemolysis is usually partial hardly 
occurs m 24 hours and is abohshed when the test is performed at 12°C or under 
restricted oxygen supply 
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4 Antihffimolytic sera prepared from Greig-positive orgamams have a 
definite specific neutralizmg effect on the haimolysm of the early haemolytic 
group No similar effect has been demonstrated m the late haemolytic group 

5 Formalin-killed cultures of both groups are still able to produce theu 
effect on goat’s red cells though this is markedly reduced 

6 The ‘ early ’ and ‘ late ’ haemolysms are very likely identical with the 
haemolysin and the haemodigestive ferments respectively, described by van Loghem 
in respect of solid blood media 
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The Annual Report on the health of the Army m India for the year 1939 
gives the incidence of bacillary dysentery among British troops as 47 2 per mille 
and states that ‘ there is httle tendency to reduction m either Bntish or Indian 
figures ’ A companson is drawn with the enteric group of diseases whose mcidence 
has been so greatly reduced m the last 20 years — this reduction bemg attnbuted 
to a considerable extent to preventive moculation In view of this position it 
has been considered desirable to re-mvestigate the possibihties of prophylactic 
inoculation with vacemes prepared from dysentery strams and the studies now 
reported have been made with the object of determimng the antigemc and pro- 
tective value of vacemes consisting of different fractions or suspensions detoxicated 
by various methods 

As over 76 per cent of infections in India and elsewhere are of the Flexner 
type and the problem at issue is more simple than m Shiga infections it is proposed 
to consider first the preparation of Flexner vaceme 

Flexner strain yACCiNES General characteristics of group 

For the purpose of estabhshmg general prmciples apphcable to the preparation 
of a vaceme, a series of six strams of the Flexner V antigemc type, recently isolated 
from dysentery cases, were obtamed from the Enteric Laboratory, Kasauli The 
studies made on these strams v ere for the purpose of determimng 

(а) The regularity of the characters of the strams of sumlar antigemc type 

(б) Smtable methods for their maintenance 

(c) Resistance to heat and chemical disinfectants 

( 213 ) 
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Six Flexner V strains were compared in(ei se In morphology, staining and 
cultural characters all strains were true to textbook description Viability did 
not exceed 2 months on Douglas agar at room temperature and horse-blood 
agar is recommended for their maintenance with monthly sub-culture An apparent 
dissociation occurred in two of the strains but this was limited only to a difference 
in size of colony and was found to be exaggerated by the use of egg-cleared Douglas 
agar A^Tien clearing was carried out without egg these appearances no longer 
occurred The small and large colonies were serologically identical 

Fermentation and biochemical reactions 


The usual carbohydrates were employed and reactions observed over a period 


of 7 days — 






Glucose 

Lactose 

Mannite 

Maltose 

Peptone water 
(Indol) 

Milk 

Acid 

0 

Acid 

Acjcl 

0 

-f 

0 

No change 


Many strains recently isolated were examined to determine if a parallel existed 
between biochemical and serological affinities, with negative result It was 
revealed, however, that the most active sub-group was the so-called Y strain and 
this usually fermented maltose and produced indol although a few Y strains were 
found which were not active m these respects 

Resistance to heat and chemical disinfectants 

Two of six strains exammed showed a surprismg degree of resistance to heat, 
surviving 60°C for 1 hour, while the remaining four survived 60'^C foi half an hour 
as shown in a subsequent protocol and confirmed by Ma]or R N Phease, 
R A M c , at the Enteric Laboratory (see A'ppendix I) 

This findmg is at variance with textbook statements probably based on the 
study of strains frequently sub-cultured Roelcke (1940) reports similar heat- 
resistant characters m the Sonne group 

To chemical disinfectants all Flexner V — Z and Flexner Boyd strains are 
susceptible in low concentrations of disinfectants used phenol 0 5 per cent , 
merthiolate 1 in 10,000 , alcohol 76 per cent , formabn 0 4 per cent , 10 per cent 
bleachmg powder (25 per cent free CL) all stenhzed opacities up to No 7 Brovra s 
tube on 24 hours’ contact 

Exotoxin production — Strams of V, W, Z and 170 were grown for varying 
periods up to 7 days in broth and their filtrates injected intraperitoneally m 
quantities of 5 c c to rabbits, mthout evidence of exotoxm content 


Determination of relative toxicity of strains 

Eighteen-hour agar cultures suspended in 0 6 per cent carbol-sahne, 
opacity No 3 Brown’s tube, prepared in parallel with known strains oi 
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Bact dysentena (Shiga) and Bact typhosum (entenc Laboratory Vi I strain) were 
injected intraperitoneally to 20-grainme mice with the results given in Table I — 

Table I 


Dose m nuUigranis 


Strain 

1 

004 

1 

1 

0 08 

0 12 

1 

1 

0 10 

•c 

1 

02 

0 32 

1 

Bad dysenienm (Flexner) V, j 

1 

S 1 

s 

S ^ 

D36 

S 

D24 

»» >f . 

« 1 

s 

s 

1 1 

' s 

1 

s 

D29 

»» >1 j 

S 

s 

s , 

1 S 

D25 

D12 

1 

»> »l ^4 [ 

s 

s 

s 

D3n 

D46 

D24 

1 

»» 1* ^ B j 

s 

! s 

s 

1 1 

mo 

1 

s 

D36 

; 

.. , V. 

s 

s 

s ] 

! 

s 

1 

s 

1 

D18 

Bad lyphosun 

1 

1 ^ 

D25 

1 V 

1 

D23 

1 

1 D32 

1 

Bad dytenlertcB (Shiga) 

s 

D107 

D105 

DOl 

j D68 

j 

i 

Bad Sonne 

s 

1 ® 

i 

s 

1 

1 

1 


Bad Sdimxh 

s 

S 

S 

s 

D50 

1 1 


170 (Boyd) 

s 

6 

S 

1 

s 



88 

s 

S 

S 

s 

D36 

1 


_ _ _ 





i 







S = Sum\ ed 4S hours D = Death m hours 


The V strains inter se showed minor degrees of difierence of toxicity, the 
average lethal dose (aid) required to hill m 48 hours varymg from 0 16 mg to 
0 32 mg Batches of 6 and 9 nuce were also employed and vielded similar results 
an a 1 d of 0 16 mg to 0 32 mg bemg the dose required to kill the majonty of the 
ammals m 48 hours as shown m Table II Comparative figures for Bact shtga 
and Bact typhosum were 0 04 mg and 0 08 mg although it should be obsen ed 
that death in Shiga-moculated mice is much delayed often np to 3 or eien 
sometimes 7 days 
3 , MR 


S 
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A Vaccine against Bacillanj Dysenteiy 


A repeat test on larger number of mice gave confirmatory results with the 
V stram as shown m Table II — 


Table II 


1 

Strnin 

Number 
of mice 

Dose, 

mg 

Death 

Survival 


f 

6 

1 

012 

0 

6 



5 

0 16 

1 

0 

6 



f. 

02 

1 

1 

1 

4 



6 

0 22 

0 

6 



i 

5 

1 

0 24 

3 

2 



9 

1 

0 24 

6 

1 

4 



9 

0 28 

6 

4 



7 

1 

1 0 32 

1 

6 

2 


r 

0 

i 024 

1 

8 

Vo 


9 

0 28 

2 

7 


. 

7 

0 32 

4 

3 


Detoxication of Flexner stbains 

The efiect of tieatment with formalm, merthiolate, alcohol and calcium 
hypochlorite m various strengths on the toxicity of suspensions of the V4 Flexner 
strain was tested with the result shown m Table III — 


Table III 


i 

Stram 1 ^ j 

Number 
of mice 

i 

Dose, 

mg 

Death 

j SUBVIVAL. 

48 hours 

1 

(a) FormaUzed 0 4 per cent suspension ' 

9 

26 

0 

9 

(h) Merthiolate (1 10,000) suspension f 

9 

1 25 

3 

6 

(c) Phenol 0 6 per cent, I month contact (control) | 

9 

0 25 

4 

1 

6 

(d) Phenol 0 5 per cent, 24 hours’ contact (control) 

9 

0 26 

1 

3 

0 
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(1) Further experuuent sho\\ed the optimum concentration of formahn to be 
2 per cent with a period of contact at 37°C for 3 'sreeks mth subsequent suspension 
of centnfugate m 0 5 per cent phenol Table III shoivs a degree of detoxication 
10 X vrhich vras not alivays obtamed with all strains used, but a range of detoxica- 
tion of from 4 X to 10 X was estabbshed for formahn 

(2) Merthiolatn also detoxicated suspensions but never to the same degree as 
formalm 

(3) Bleachmg powder m certam strengths hanng 25 per cent free chlorine 
also detoxicated suspensions but as the resulting product suspended m 0 5 per cent 
phenol was found to have lost much of its antigemc property there seemed to be 
no need for further mvestigation 

(4) Alcohol 76 per cent was also tried and produced a measure of detoxication 
but, hke merthiolate, not to such a degree as formalm, and its antigemc property 
was not so defimte, although better than with bleachmg powder 

VratTLEKCE OP LTVrXG CXrLXtrRES OF FLEXIfER GR013P 

Six Y, one W and one Boyd 170 strains were exammed and compared with 
Bad dysenferiCB (Shiga) and Bad typhostm of known virulence Felsen (1938) 
records 3i milhons as the minimum lethal dose (mid) for lb-gramme mice 
French workers (Thibault and Rist, 1940) regard this Amencan stram as 
exceptionally virulent and such levels were not obtamed m our investigation 

Usmg over one hundred mice, the virulence dose (i e the aid kdlmg 50 per 
cent of 20-granime mice m 7 days by mtrapentoneal inoculation) was found to 
be from 250 X 10^ to S60 X 10^ organisms Comparative figures for B typhoswn 
and B dyseutence (Shiga) were 216 X 10® and 12 X 10® respectively 

It wiU be seen that this dose of hnng Flexner bacdli approaches or ei en on 
occasion exceeds the lethal dose of dead organisms, a finding not unexpected with 
organisms of relatively low virulence Table lY exemplifies one of a number of 
virulence tests — 


Table IY 


Strain 

1 

Number 
of mice 

' 

Dose, c c 
(No 6 opacity) 

1 

1 

1 

Viable counts j 

X 

MOBTALm. 

Survival to 

28 days 

4S hours 

1 

2S days | 

] 


1 

9 1 

0 3* j 

(sio X loq ! 

\ 

270 X 10" 

1 

] 

8 

V, 

9 1 

I 0 A ! 

(1 OSO X 10") 

360 V 10’ 

5 

i 

1 5 

4 


9 

1 05 

1 (1,300 X 10") 

[ 450 , 10’ 

1 6 

1 S 

1 

\ 

S 

1 1 

I (2 696 X 10") 

1 

j 910 X 10" 

1 ^ 

I 

s 

1 

! " 


* Saline su'peasion of IS hour gron-th-^pentoneal jnoculatroir 
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A Vaccine agaiiist Bacillaiy Dysmteiy 


In view of the low virulence level, Bake’s (1935) mucin method was used as in 
meningococcal investigations In this method the infecting dose in mucin is injected 
intrapentoneally and its use avoids the risk of the lethal action bemg due to tlie 
toxic efiect of the inoculum rather than to multiplication and invasion by the 
organisms Early results were inconsistent and unsatisfactory, hut uhen the 
viscosity of the mucin was mcreased to 8 per cent and the pH to 7 3, the method 
proved most useful and accurate when the one strain of Elexner was used 
throughout 

The aid by Rake’s method of the particular Y4 Elexner strain used 
was one nulhon orgamsms checked by viable coimt, and in subsequent 
protection expenments, immunised animals resisted 60 aid and 100 a 1 d 
{50 X 10(> 100 X 10^) while controls succumbed to the 1 X 10® dose m mucin 

The prepahation of a suitable antigen 

Havmg ascertamed the levels of toxicity and virulence of the Elexner group 
work was directed towards the selection of an antigen which would immunize and 
protect ammals The following were exammed m turn — 

(1) Suspension of whole cells — Eighteen-hour agar-grown bacilh were sus 
pendecl in 2 per cent formal-sahne and kept at 37°C for 3 weeks and thereafter 
the centrifugate was suspended m 0 6 per cent phenol Agglutinin titles in rabbits 
after mjeotion of three doses totallmg 1 mg reached 1 m 20,000 to 1 m 40,000 
in 3 weeks without loss of weight, m a large number of rabbits Batches of mice, 
to be described later, were immumzed with this preparation with satisfactory 
results Intiadermal inoculation of gumea-pig and monkey showed mild 
inflammatory skin reaction without necrosis Monkeys were mjected with 0 6 mg 
to 1 mg without rise of temperature or loss of appetite and agglutinm titres of 
1 in 125 to 1 m 600 thereafter obtained from them 

(2) Lipoid antigen — This is an acetone extract, acetone being subsequeufclj 
distilled ofi at 40°C and remaming fraction Seitz filtered It contamed 20 mg 
of solids per c c and was non-toxic to mice in doses of 1 c c , rabbit agglutimn 
titres of 1 m 20,000 were easily obtamed , active and passive tests m mice against 
50 S, 1 d (mucm technique) were satisfactory 

Eurther treatment of the hpoid by ether extraction revealed that the fatty 
acid fraction was mert as an antigen while the remammg fraction which was merely 
protem autolysate gave the following chemical tests Xanthoproteic positive, 
biuret positive, Molisch a famt positive, while Millon’s test and Beneict test 
and the test for sulphur, were negative 

(3) ‘ Acetone cells ’ — This is the fraction remaimng after treatment of the 
culture with acetone and the method followed was described by Eelton and Wakeman 
(1937) The residue was dried, weighed and suspended m 0 6 per cent phenol 
It showed a toxicity similar to whole cells, weight for weight, but was not 
detoxicated with f ormahn to the same degree as origmal cells — 0 /6 mice sunuved 
1 25 mg It produced agglutimn titres in rabbits to 1 m 40,000, and in an active 
protection test mice survived 60 m 1 d of hving culture in mucm 
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(4) Bleach treated cells 

(5) Supernatant Traslungs [ectoantigen of Ferry and Fisher (1924)] 

(6) Formalized autolysates ivere also exammed but each fell short m some 
essential of a satisfactory antigen standard 

Further chemical extraction of active antigenic prmciples vas not considered 
a practical proposition for the preparation of vaccmes on a large scale 

AXIMAL DnrDOTZATIOX 

The antigen used for the foUoTnng protection tests vas formalized whole cells 
prepared as described — 

{A) Actite immunity — Thirty rmce immunized by subcutaneous moculation 
of doses of 0 025 mg and 0 05 mg with 4-day mteryal Resistance was tested 
10 days later against 100 mid usmg mncm techmque 

30 mice immunized Test dose FleTner SO y 10* m 0 1 c c salme Mortality 28 days 
added to 0 6 o.c S per cent mncm mtrapento 0/30 

neally 

— —I 

30 mice controls 80 X 10* m 0 1 o c salme added to 0 5 c c 8 per ' 16/30* 

cent mncm mtrapentoneally 

• Organisms isolated from heart blood 


Several tests similar to above were carried out with similar results 
The foUowmg table shows nou-specific immumty in relation to the general 
problem — 


Number of 
mice 

Antigen used to immunize 

Dose hvmg 
culture 
Flemer V, 

1 

24 hours 

1 

MoBXALm 

48 honrs 

1 

I Totai^ 

1 

30 j 

1 

0’025 mg * Fle'oier V, 0 05 A-dav 
ratervab 

12 ^ 10* 

1 


1/29 

1 

1 

30 

1 

0 OOS mg * S ti/pho3itni 0 004 4-dai 
mtervaL 

12 10 

2 

6 

9/29 

10 , 

; Control (no immunization) 

12 X 10’ 

1 

S 

' 9A0 

10 

[ Control „ 

12 X 10* 

2 

3 

5/10 


(а) 1 mJ.(L detenmned prenous day ■=> 12 X 10* Flexner V, m S per cent mncm 

(б) * bemg 1/lOth a Ld. 


(B) Passive immunity — ^Rabbits’ immune serum (0 5 cc) inoculated 
lutrapentoneally to 20-gramme mice 1 hour before the toxigemc dose protected 






^ l^flCCiKe against Bacilhiy Dysentery 

” ' ■* ”Sa.mt 5 » 1 d .n strcgM 

Monkeys immunized by 0 5 mn jinr? x. 

t.tre„fn„260a„dH,efono™g.saLcoo™tortistr„t“^^^^^^^^^^ 

experiments in the monkey 

infections Te^cwd^ havt on immumzation against dysentery 

usual small laboratory animals m 'rIiipI on the results obtained in the 

bodies demonstrated m different wavs ha<i^^ Production of agglutimns and anti 
either active or passive has been nhin a observed In these, protection 
Imng homologous strain « parenteral infection of the 

the Suctm^orrvaTcmfThr^*^^*'^^^ ^ suitable for 

assessing the value of a vaccinp onoe obtainable is not directly apphcableto 
occurs in dysentery gams he usual method of oral infection which 

and rabbits m TsSsmg^ th^valuf ^ wiou^^ orthodox lines making use of mice 
shown that a formalized qiitmen i proposed antigens It has been 

produce a high level of aaalu^ri having a comparatively low toxicity will 

mtrap-toneflhXLt ./to' “ ““ 

The sera of rmmuurzed an.mals had also „ h.gh protective valoe 

the proSbIe wt anrr‘‘®“‘r’ “"'^'^aken m mookeys to assess 

gu.d^ to tl setoS; of a arSereo/doses as a 

thatlre"l"ri8 wo“d”bf 

bateh”s ‘ todywerght, m three »aocess.ve 

Of these 60 p« cent «Tre L *”ty atumals, wereased 

of 4 months nos and the experiments extended over a penod 

(see Appendix II), related to the human Flexner strain 

the animal died after an din above spontaneous infection in which 

revealed a picture similar m ptt 5 post-mortem examination 

bore the bmnt of thTa^^ m man The large intestine 

ileoceecal valve an acute bjPi-T^ if from anus to two mches beyond tlie 

replaced by almost nure ridfn enteritis, the normal bowel flora being 

were very similar in all threp n + ” dysentence (Flexner) Such appearances 
sterile P mortems made Blood cultures were invanably 

A careful searcli of si'nnlc i o i 

JlacConkev’s medjura resultor) y°onkeys just received from Delhi, pinted on 

’ “ ‘ii' ■"“'ntMn of the pathogemc strain on tiro 
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Occasions only, but this was sufficient to indicate its presence in these animals 
under natural conditions By contrast, during the feedmg experiments there 
was no difficulty in recovermg the orgamsm from protected and unprotected anrmals 
ahke The sera of aU the a nim als were examined before moculation for natural 
agglutimn level This never exceeded 1 in 25, which was unexpectedly low as 
these monkeys were not from the virgm jungle but from the suburbs of the 
Punjab villages and hved m close association with man 

Each batch of monkeys was mimuimed bv inoculation of 0 6 mg followed 
in 4: days by 1 mg of detoxicated Flexner V vaccine with which the work m the 
preparation of a vaccme had been done In terms of Brrara’s tubes, each c c 
contained 1 mg giving a No 7 opacity representing 3,148 millions per c c This 
immunmng dose was given to all subsequent batches The animals showed very 
httle discomfort, never rmssed a meal and had no significant rise of temperature 
Ten days after the second dose the moculate'?! and non-moculated animals were 
fed by givmg each a small piece of banana impregnated with dysenteric mucus 
from the monkey which died, re-mforced with a 4-mm platinum loopful of first 
sub-culture of the monkey stram 

Such feedmg was given on an empty stomach each mormng for 7 days Other 
observers, e g Back and Petran (1934), Preston and Clark (1938), have used large 
amounts of matenal (e g whole groirth from a Petri dish) to infect monkeys, 
a procedure which pre-supposes difficulty and can have only an expenmental 
outlook 

Our efforts were designed to mutate infection under natural conditions and 
only a small dose of infectmg material was given By the third day of feeding, 
m each batch infection had occurred among the controls and in the whole senes 
two of the SIX dysentenc animals died after an illness of 3 to 4 days, the 
homologous orgamsm bemg recovered from the dysentenc stools 


Batch 

Numher 

immunized. 

1 

Case of 
dysentery 

ICumher of 
controls 

Case of 
d3f8entery 

1 

4 

0 

4 

1 

2 

4 

0 

1 

1 

3 

4 

0 


1 

4 

8 

0 

s 1 

3* 


* 2 deaths 


No immunized animal developed dysentery The sera of these showed 
agglutimn titres of 1 m 125 to 1 m 500 and 0 5 c c protected 15-gramme mice 
(10/10) against 4 a 1 d , i e against 1 c c contammg 3,14G X 10® living Flexner 
V 4 stram organisms, while a control batch (4/5) succumbed to 0 25 c c in 48 hours 
Protective senim as m aU passive immumty tests was introduced intrapentonealh 
1 hour before the bacterial moculum 
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A Vaccine against Bamllarg Dysenteig 


Altliougli tlie number of animals employed would appear small tbe results 
are statistically significant 


The pbeparation op Flexnfr vaccixe 

The vaccine suggested for use against Flexner infections is a 2 per cent 
formalm detoxicated trivalent antigen consisting of — 

Flexner V 0 6 mg | 1 mg per o c 

W 0 26 mg i 3,146 X 10’ per c 0 

Z 0 25 mg j No 7 opacity Brown’s tube 

This IS made from very recently isolated strains (3rd or 4th sub-culture from 
patient) grown for 18 hours on Douglas agar m 20-oiince McCartney bottles, washed 
off witb 2 per cent corrected formalm and placed in the mcubator at 37°C for 
3 weeks Each strain is then centrifuged and the centrifugate is suspended in 
0 6 per cent carbol-sabne to No 7 opacity , thereafter they are mixed m requisite 
proportions and should pass sterihty, toxicity, and agglutmogemc tests 

1 In toxicity tests 0 76 mg fads to loll any of five 20-gramme mice employed 
in batch tests 

2 As an agglutinogen m rabbits 1 mg produces a titre of 1 in 20,000 in 10 to 
21 days without material loss of weight to the animal 

The vaccme in the doses mdicated was tried in 20 human volunteers and 
did not produce any severe local or general reaction 

The preparation of a Shiga vaccine 

Pngge (1941) states that eftective protection against B dyseiitencB (Shiga), m 
his view, can only be obtamed by mjection of a preparation contaimng exotoxin 
and endotoxm He mocidated 44 persons, 32 of whom showed significant anti- 
toxin averagmg 1 International umt per c c 4 weeks after the last of three 
injections of one preparation Other immxmologists maintam that anti-bacteriai 
immumty should be the chief ami 

In deference to the latter view the w'ork done on Shiga followed very closely 
the techmque of the Flexner investigation and may be summarized under the same 
headings 

Five recently isolated strains were exarmned 

Toxicity — Tests usmg 18-hour agar culture suspended m 0 6 per cent carbol- 
sabne killed the majority of 20-gTamme nuce m 7 days with doses rangmg 
0 04 mg to 0 08 mg , as compared with 0 16 mg to 0 32 mg for the Flexner 
strains 

Virulence — The aid of hve IS-hour culture in broth was 01 c c , the 
majority of mice bemg killed in 7 days The eqmvalent viable counts were 
from 10 to 40 x 10® orgamsms per aid as compared with 350 X 10° of Flexner 
strains 
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Detoxication — The choice lay between formalin 2 per cent and alcohol 75 per 
cent after trial of other possible detoxifymg agents In tests the ma]ority of mice 
snmTed a 0 6 mg dose of formabn-detoxicated Shiga antigen and only 0 3 mg 
of alcohol-detoxicated substance The reduction of toxicity with formahn was 
approximately ten times The alcohol vaccme, however, produced a higher 
agglutimn titre m rabbits by mtravenous mjection and the serum of these animals 
protected mice better than formabn-antigen produced serum A further ex- 
periment was done by moculatmg siihcvlaneoitsly 18 rabbits of 2 kilo body-weight 
with 0 43 mg of freshly prepared alcohol-detoxicated vaccine and 15/18 died within 
7 days In our tests it was found that the rabbit was particularly sensitive to 
the toxm of B dysentenae (Shiga) It was also found that alcohol-detoxicated 
vaccme preserved with phenol loses m potency after a period of 3 months 

Titres of 1 m 2,500 to 1 in 5,000 were obtained m rabbits by the mtravenous 
route (total antigen given amounting to 1 5 mg ), without loss of weight, 
enterotropic or neurotropic disturbance The dose for the monkey 0 5 mg 
subcutaneously followed m 7 days by 1 mg seemed satisfactory, and was not 
too tOxic and produced agslutinm titres of 1 m 60 to 1 m 600 Two monkeys 
havmg 1 m 500 titres exammed after a period of 14 weeks showed titres of 
1 m 250 

Intradermal mjection m gmnea-pigs resulted m a minimal degree of 
inflammation without necrosis 

Batches of mice were immunized subcutaneously bj 1/lOth (0 03 mg ) 
of an a 1 d of alcohol antigen given m two doses and 10 days thereafter then 
resistance was tested and compared with mice similarly inoculated at the same 
tune with eqmvalent doses of other antigens as in the followmg protocol — 


Xuniber 

Antigen used to immunize 

1 

Tongemc dose 


JlOBTAUTY 


of mice. 

48 hours 

1 

j 7 dal's 

Totai.. 

18 

1 

Fomaalized whole rell*» 

j 1 

1 

0 2 c c 18 hour 
broth culture — 

0 6 0 c mucin 

1 

1 

(i/18 

(5 

12'18 

IS 

Acetone cells 

Ditto 

u/is 

1 

O 

16/18 

1 

18 

Alcohol antieen 

Ditto 1 

1 6/18 

1 

0 

6/18 

9 

Control (no immunization) 

1 

1 

0 1 c,c IS hour 
broth culture — 

0 5 c,c mucin i 

1 

0/0 

1 

! 

9/9 

9 

1 Control „ 

j 

0*01 c c IS honr ' 
broth culture — ' 

>/0 

'j 

7/9 


0 5 c c mucin ‘ 
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A Yaccwe against BaciJlaiy Dysentery 


In tins, and other tests using fewer mice, tlie alcohol-detoxicated vaccine 
would appear to be the best protective antigen 

A Shiga vaccine, alcohol-detoxicated, preserved in 0 6 per cent phenol, is 
suggested for prophylaxis in man in doses of 0 43 mg and 0 86 mg or 0 6 c c and 
1 c c of No 6 opacity Brown’s tube (2,777 millions per c c ) 

As opportumty offers, both vaccines (Flexner and Shiga) are being tried to 
determine local and general reaction and wdiere possible the assessment of protective 
antibody 

SUMMAKY 

It IS considered that principles have been arrived at which will indicate 
suitable methods of detoxication of Flexner and Shiga vaccines without reducing 
antigemc value Levels of dosage are indicated and a field trial of vaccine 
prepared on these hues is recommended 

Defimte protective value is considered to have been showm in monkeys against 
Flexner infections by the natural oral route 



APPENDIX I 

It was established that many of the Flexner strains manifest an umisual 
degree of resistance to heat and Major E N Phease, e A m c , at the Enteric 
Laboratory, Kasauh, confirmed these results by the foUowmg method — 

The strains tested were Vo V 3 V 4 V 5 and Ve, all of which had been isolated 
■withm the past 3 months 

' Selected smooth colomes were moculated on to agar slopes, mcubated for 18 
hours at 37°C and suspended m 5 c e sterile physiological sahne 

The suspensions i\ere heated m a water-bath, the temperature of which 
was mamtamed at 60°C for 60 minutes The temperature y as recorded (1) at the 
surface, (2) at the bottom and (3) in a separate control tube contammg 5 c c 
saline 

01 c c was sub-cultured into broth at lo-rmnute mtervals up to 45 
mmutes 

0 5 c c was sub-cultured mto broth at the end of the penod (60 mmutes) 

Sub-cultures were made from the broth tubes after incubation for 24, 48, 72 
and 96 hours 


The results obtained were as follous — 
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A Vaccine against Bacillaty Dysentery. 


APPENDIX II 

The characters of the monkey strain were in bnef Morphologically 
mdistinguishable from human Flexner strains , biochenucally similar, fermentiDg 
manmte but not maltose and failmg to produce indol m 7 days and serologically 
possessed of much group antigen of Flexner type 

The followmg is an account of its antigemc relationship to the members of the 
Flexner-Boyd group, by Major Phease — 

' The apparent close relationship of the causal orgamsm of natural dysentery 
m monkeys to members of the Flexner group, and in particular to the V strain, 
raises the question whether it is antigemcaUy identical with any one of this gronp 
or whether it is a distinct type, sharmg with the Flexner group a common gronp 
antigen 

To determme this, cross agglutination and cross absorption tests were carried 
out, the results of which are outlined below — 

For the purpose of the tests, aU antisera used were standardized to a titre of 
1 in 360 

For the absorption tests, 1 c e of serum was absorbed mth 500,000 nulhon 
orgamsms, the whole bemg made up to 20 c c with normal salme 

Dreyer’s techmque was used throughout, primary readmgs bemg taken after 
4^ hours in the water-bath at 60°C and final readmgs after 24 hours’ incubation 
at 37°C 

Table I 


Sornm 


Suspension 

V W X 

y 

z 

103A 

119 

170 

88 

1 

1 288 

274 

i 

D1 

' 

Monkey Flexner 

» 

1 

250 126 60 

D19 1 

1 1 

I Nil 

260 

126 

i 

! 60 

60 

I 

260 

60 


m 


Table n 


Seram 


Suspen«ion 

V 

1 

w 

X 

Y 1 

1 

Z 

1 101A 

1 

1 110 

170 

1 

j 88 

1 

1 2S8 

1 1 

j 274 

1 D1 

1 

Monkey Flexner 

! 1 

50 

26 

I 25 O 

1 

25 

Nd 

1 

23 

Nil 

Nil 

1 

1 Nil ' 

Nil 

^t/ 

1 


D19 


Nil 
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The nionkey Flexner bacillus is agglutinated to titre by the sera of strain Y 
88-Manchester-Newcastle and by the group strain Y Sera of the other member 
possessmg the group antigen agglutinate the monkey Flexner strain to 25 to 60 
per cent of the titre 

On the other hand the monkej Flexner serum agglutmates to titre only the 
group strain Y stram V is agglutinated to 60 per cent of the titre, while no 
agglutination is obtained with strain' 88 


Cross absorption tests — 


1 

Flexner Y nunus 

monkey Flexner 

X ersns 

monkev Flexner 

mi 


Flexner , 


Flexner Y 

125 

2 

Stram 88 , 

)) 


monkey Flexner 

Nil 


Strain 88 

> 

»» 

stram 88 

125 

3 

Monkey Flexner 

nunus Flexner Y 

5 

Flexner Y 

Nil 


Monkey Flexner 

> »> 

J> 

monkey Flexner 

126 

4 

Monkey Flexner 

stram 88 


stram 88 

mi 


ilonkey Flexner 

, strain 88 

» 

monkey Flexner 

260 


Conclusion 


The antigemc structure of monkey Flexner consists of a group element similar 
to that possessed by members of the Flexner-Boyd group, and a specific element 
peculiar to the strain’ 
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A NOTE ON THE PRODUCTION OF CLOSTRIDIUM 
PERFRINGENS (TYPE A) TOXIN IN A 
MODIFIED LITER AND VEAL 
DIGEST MEDIUM* 

BY 

S C SEAI4, 

Bactenohgist, Indian Research Fund Association, Eaffkine Institute, 

Bombay 

[Received for pahlication, December 26, 1941 ] 

Some of the media employed for the production of Clostridium perfnngens 
(type A) tosm require the addition of a certain commercial peptone w hich is fairly 
expensive and sometimes difficult to obtam For the study of ‘ botulmus ’ toxin 
Wemberg and Goy (1924) employed beef and hver digest medium in vhich no 
peptone v/as required to be added Recently, Ipsen and Davoli (1939) used a 
sirmlar medium for the production of Clostridium perfnngens (type A) toxin An 
attempt was, therefore, made to improve the techmque of produemg gas gangrene 
toxm in a modified hver and i eal digest medium in vhich beef used by the aboi e 
authors a as replaced by young veal, a pepsm of higher strength and different 
concentration was used for digestion, glucose and some dried de-fatted meat was 
added to the basal broth and pH was adjusted to 7 8 The medium finally chosen, 
has given fairly consistent and reproducible results m the prehmmary expenmental 
production of Clostridium perfnngens (type A) toxm of high potency, and the cost 
of the preparation is lery much less than that of glucose-peptone-i eal or 
beef-mfusion brothj The results obtained in the abo^e experimental work are 
reported in this paper 

ExPERIMt^TAL 

Straix Clostridium perfnngens (type A) of human origin, No SE12 reported 
by Stewart (1940) to peld a potent toxm, was used throughout the experiment 

* In conformity -svith the recommendations of a meetmg held at the Biochemical Laboratorv 
Cambridge, on 6th April, 1941, as to the nomenclature xrhich should be adopted for the tozms 
type A, the toxm designated antigen I m this paper should be called alpha loztn 
and that designated antigen II should bo called Ihela hamo’y-nn (See Aalure, Volume 149 
Ao 3767, dated 10th January, 1942) — S C Seat ’ 

t The work was earned out m the National Institute of Health Waslungton, D C (U S A 1 
under the auspices of a Rockefeller Foundation Fellowship * 

t Smee this paper was written 60 litres of the medium have yielded a highly ixitent dry toxm. 
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^Ibdium The follow Jiig niedniin 

Fat-free veal 
Beef liver (fresh) 

Water 

HCl (concentrated) 

Pepsin (1 10,000) (Difco) 


was emploj’^ed — 

] 870 grammes 
400 

9 000 c c 
76 „ 

0 25 gramme 


To the above designated quantities of bver and veal, minced and mixed 
thoroughly with water, the required amounts of pepsin and concentrated HCl 
were added, and the preparation rvas heated in a water-bath at 48T for 18 houis 
for digestion During this tune it was stirred at intervals At the end of the 
period the temperature was brought to 85°C to stoji digestion and the material 
was filtered, first through cheese-cloth and then through soft filter-paper The 
pH was then adjusted to 7 8 using phenol-red as indicator and the broth was heated 
to 100°C for 10 minutes to induce precipitation Finally, the material was passed 
through semi-hard filter-paper, distributed into flasks and sterilized at HOT 
for 25 to 30 minutes This broth served as the base for liver and veal digest 
medimn 


For experimental purposes 25 grammes (10 per cent) of dned meat which 
had been extracted with water for the preparation of beef-infusion broth vere 
measiued mto a 300-c c Erlenmeyer flask and covered with 260 c c of the digest 
broth The mixture was heated m steam for about 10 minutes to balance the 
reaction which was then re-adj listed to pH 7 S , it was then sterilized at HOT 
for 25 nunutes The reaction should actiiaUy be adjusted at a little higher 
level, pH 8 1 to 8 2, before autoclaving, as it had always been found that after the 
addition of meat and sterilization there was a drop in pH of about 0 2 to 0 4 


The flasks were inoculated with rapidly-growing five- to six-hour old culture 
of strain SE12, which had been passaged several times in whole-meat mediuni 
before the last culture, and they were incubated at 37°C for various experimental 
periods At the end of these periods the pH was determined and the toxins wwe 
recovered by centrifuging the cultures and filtermg them through Berkefeld H 
candles Each sample was then tested for mouse mid, hmmolysin titre (mho) 
agamst sheep’s red blood corpuscles, and opacity titre (mod) (Nagler, lw9) 
against inactivated normal human serum Borate-buffered-saline solution witJi 
gelatin w as used as the diluting agent for toxin in these tests 


A prehminary study was made of several factors which might influence the 
nature of the toxin produced in hver and veal digest medium as base The main 
findings were as follows — 


1 Influence of different glucose concentration on toxin products (Table 1) 

Of the three different concentrations of glucose tried, namely 0 1, 0 25 and 0 6 per 
cent, the best result was obtamed with 0 26 per cent glucose in the presence of 
per cent dried meat This medium in which the final pH was 6 2 yielded the most 
potent toxin showing a mouse mid of 0 006 c c and an L -f dose between 0 12 c c 
and 0 16 c c of the hqmd toxin 
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2 Relative effect of dried meat and CaCOa as buffer in the medium {Table I) — 
This 'was studied in tlie presence of the three drSerent concentrations of glucose 
mentioned above The dried meat was added m 10 per cent and calcium carbonate 
m 2 per cent amounts The latter was found optimum for pH 7 8 of the medium 
The media contammg CaCOa vere shaken as frequently as possible durmg the 
mcubation period The result showed that the buffer action of CaCOg was as good 
as the dried meat but the yield of the toxm was about 10 tunes weaker with the 
former than with the lattm 

3 Effect of sodium ihioglycollate in the medium {Table I) — The substance was 
used m 0 05 per cent concentration m the presence of the three different amounts 
of glucose already mentioned, with or without meat It showed a deleterious 
rather than a stimulating effect on the production of toxm 

4 Comparatiie effect of dried and fresh meat iciih or without sodium chloride 
{Table I) — The dried meat was added m 10 per cent amounts but the fresh meat, 
bemg heavier for the same volume, had to be added m double the quantities by 
weight (20 per cent) The media contaimng dried meat showed better results 
than those contaimng fresh meat but the effect of the salt was not clear In some 
later experiments {mde Table V) it was noted that the addition of salt to the 
medium tended to improve the quahty of toxin, particularly m regard to its 
hiemolvsm content 

6 Comparative efficiency of peptone-infusion broth and liver and veal digest broth 
in the presence of dried and fresh meat, with or without NaCl {Table 11) — ^The results 
showed that when the fresh meat was replaced by dried meat m glucose-salt- 
peptone-beef mfusion the jneld of toxm was better than that obtamed in the same 
medium with fresh meat Under the same conditions, however, liver and veal 
digest broth produced still somewhat better toxm than the mfusion broth 

6 Effect of varying the incubation period on the toxin production m liver and 
veal digest broth with and without dried meat and glucose {Tables 111 and lY) — 
The readings were taken up to seven days begmmng from 6 hours The pH of the 
media contaimng glucose but no meat fell rapidly and reached the lei el of 4 8 m 
12 hours, whereas, with meat added, the pH remamed practically steady after it 
had reached the level near 6 0 m 16 hours nsmg slovly after 36 hour-s ^ o 6 5 on the 
sixth day In media contammg meat but no glucose the fall of pH was stiff less 
marked The peak of the toxm production (166 m 1 d per c c ) m media contammg 
glucose was reached between the 16th and the 20th hour of mcubation after which 
it began to fall at a slow rate up to 36 hours and then rapidly, more than 90 per cent 
of the toxm bemg destroyed by the fifth day In media without glucose the 
hsemolysm titre was highest at 9 hours, whde the peak of toxm production (100 
ni 1 d per c c ) was reached m 24 hours After this period the potency feU practic- 
allv at the same rate as in the other case Thus, as observed m case of other 
media, glucose seemed to have a supplementary effect on the toxm production m 
the media under mvestigation 

7 Comparative effect of dried meat ether- and alcohol-extracted dried meat and 
dried bacto-beef as buffer in the medium {Table F) —The dried and the de-fatted dned 

J, MR 4 
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meats were used in 10 per cent and the dried hacto-beef in 2 per cent amounts 
The de-fatted dried meat was prepared by extracting the dned meat with ether 
and alcohol according to the method employed for extracting beef heart for Kahn 
antigen (Kahn, 1928) A highly potent toxin was obtained by usmg dried meat 
as buffer The haemolysin titre ran parallel with the opacity titre and showed a 
fairly regular relationship to the mouse mid, but the lytic effect on sheep’s red- 
blood corpuscles which was fully visible when the tubes were incubated for tiro 
hours m the water-bath at 37°C , and then left in the cold room overnight, was 
more partial than complete gl^ang an impression of disintegration rather than that 
of a true lytic phenomenon By using de-fatted dried meat the hsemolysm content 
was increased fivefold, while the mouse mid remained at the same level This 
hsemolysm differed from the one described above m its lytic effect which was visible 
withm a few mmutes and was practically complete withm one hour at 37°C Two 
per cent bacto-beef had the same effect as the de-fatted dried meat, but the mouse 
mid was only 60 per cent of what was obtained in the other two media The 
above results, therefore, mdicate that probably two kinds of hsemotoxms could be 
elaborated by Clostndium 'perfnngens (type A) depending upon the medium used 
In this series of experiments the potency of toxin was higher with NaCl than 
without it For the purposes of brevity, m subsequent references m this paper, 
the hsemotoxin which reacted slowly wiU be called heemotoxin I and the other 
which showed rapid lytic action ivdl be called hsemotoxin II 

8 Relationship of hcBinolytic titre, opacity litre and mouse mid of Clostri- 

dium perfrmgens toxins produced in liver and veal digest medium {Table 71) — 
Only those toxins whose titres had been determined to the end-pomt were taken 
into account When 10 per cent dried meat was used as buffer m the liver and 
veal digest medium there was very little fluctuation in the relationship between 
mid and mod or m h d The opacity titres mamtamed tliroughout a more 
constant ratio to m 1 d than the haemolytic titres, even m the presence of de-fatted 
dried meat or bacto-beef which produced hsemolysm of exceptionally high 
titre The mean mid /m o d and mid /m h d ratios were 1 4 76 and 1 4 66 
respectively The latter seemed to vary slightly with the conditions m the 
media and mcubation period The mod /m h d ratios varied between 0 76 and 
1 25 with a mean readmg of 1 02 and the tendency to discrepancy was more 
marked when the mcubation period was extended beyond two to three days 
With 10 per cent de-fatted dried meat or 2 per cent bacto-beef the m 1 d /m h d 
ratio rose to 1 26, whereas that between mid and mod remained un- 

changed, indicating that the hsemotoxm elaborated m such media nught be due 
to a different toxin other than the one elaborated by media contaimng dned 
meat described above With de-fatted dried meat or bacto-beef the 
m o d /m h d tatios w ere 1 5 and 1 10 respectively, the difference being 

presumably due to the actual differences in their m 1 d titres 

9 Lethal factor of hcemotoxin II {Table 7II) — Several toxins of vanable 
strength contammg one or both kmds of hsemotoxin (I and II) mentioned above 
were put up for neutrahzation test agamst the U S Standard Perfnngens Antitoxin 
The results showed that 0 2 imit of the antitoxin completely neutralized 20 m I d 
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of toxin containing hieniotoxin I and only 10 m 1 d of toxin containing lisemotoxin 
n and possibly hieniotoxin I It is probable that the extra amount of lethal effect 
shown by the latter was due to the presence of another toxm which contributed 
an additional lethal effect requirmg for neutralization a proportionately larger 
amount of the standard antitoxin m which the auti-hsemotoxin II component was 
absent (Stewart, loc cit ) 

10 Stability of petfnngens toxins produced in liver and veal digest broth {Table 
VIIT) — ^It took about 40 days to de-toxify a toxin by means of 0 3 per cent 
formalin at 37°C At the end of this period 0 1 c c of the undiluted toxoid 
gave negative opacity test but with 0 3 c c the reaction was stdl positive 
An mtrapentoneal injection of 1 c c of the matenal at this stage did not, 
however, kdl mice (the ongmal mid being 0 01 c c ) A toxoid could, 
therefore, be declared safe when 0 1 c c of the undiluted matenal gave a 
negative opacity reaction which actually proved much more sensitive than the 
lethal effect in mice for testing the loss of toxicity (Seal and Stewart, 1941) 

The stability or rate of deterioration of several toxms of variable titres and 
hj’^drogen-ion concentrations was studied by keepmg them at ordinary room 
temperature w hich vaned between 82°F and 99°F durmg the observation penod, 
and determimng their toxicity at intervals by means of the opacity test, confirmed 
when necessary, by mouse test The results showed that there was a 60 per cent 
loss m the potency of aU toxins m the first 20 days and thereafter the rate of loss 
was considerably slower, there bemg only 10 per cent decrease m the next 30 days 
It may be noted that the opacity titres mamtamed a constant ratio with m 1 d m 
spite of the detenoration mdicating the mtimate relationship between the two 
factors It was further observed that the hqmd toxm containing hfemotoxm 11 
deteriorated at a much higher speed , a loss of 60 per cent of the potency was 
recorded m five days even when the toxm was preserved m the cold room The 
pH of aU the toxms tested remamed throughout m the neighbourhood of 6 0 
Although all of them showed a heavy loss m potency they stdl remamed sufficiently 
active after 60 days at ordmary room temperature to serve as fauly good toxms 


Discussion 

Several preliminary observations have been made m the present studies on 
the production of toxm of Clostridium perfnngens (type A) m bver and veal digest 
broth modified m various ways yielding results which maybe of mterest to the 
future studies of the problem 

This digest broth afforded a good basic medium for producmg a highly potent 
perfrmgens toxm at a comparatively low cost as the addition of expensive 
commercial peptone had been elimmat-ed The expense was further reduced by 
the use of dried meat (usually thrown away as waste) m place of fresh chopped 
meat as buffermg agent Of the various combmations tried the best result was 
obtained with the digest broth contammg 0 25 per cent glucose, 10 per cent dned 
meat and 0 4 to 0 5 per cent sodium chloride at pH 7 8 The optimum penod of 
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incubation was between 18 and 20 Lours at 37°r The medium showed further 
improvement when the ordinary dried meat was replaced by de-fatted dned meat 
In the former case toxin correspondmg to the zeta t 5 pe and m the latter a com 
bination of both zeta-toxin and alpha-lysin of Pngge (1936) were obtamed The 
inclusion of both the types has been advocated by several workers for the produc- 
tion of antitoxm Perhaps the medium could be stdl further unproved by taking 
better care m using properly de-fatted meat for digestion 


From the evidence obtained in the present studies there were possibly two 
antigens to constitute a more complete Closlndnnn perfnngms (type A) toxin 
antigen I corresponded to zeta-toxm of Pngge and contained lethal, hsemolytic 
opacity and possibly necrotic* factors, all of which nught be assumed on the basis 
of the results obtamed to be due to one and the same antigen For, m spite of the 
vanation in the potency of toxin caused by certain modifications such as absence 
of glucose, withdrawal of meat, varying the incubation period etc , both the 
opacity and hsemolytic titres maintained more or less a constant ratio of approxi- 
matelv 1 5 with the lethal factor In the process of deterioration, also, the same 
ratio was maintained throughout the entire penod of observation The haemolytic 
factor m this case, however, was fuUv manifest only when the test was earned out 
by incubating the hsemolytic mixture for two hours in a water-bath at 37°C followed 
by overmght refrigeration The reaction appeared more hke a toxic disintegration 
than a true lytic phenomenon 


Antigen II corresponded to the alpha-lysm of Pngge and to hsemolysm A of 
Schnayerson and Samuel (1930) and was predommantly a hsemolytic factor This 
factor, as was also shown by Stewart (Zoc cit ), could not be produced m media 
contaimng fat or hpoid substances and hence it was absent in the toxm obtained 
m hvei and veal digest broth contaimng fresh or dried meat and appeared m high 
potency in conjunction with the other factors when the dried meat was extracted 
with ether and alcohol before being added to the broth A distinct haemolysis 
in the form of true lysis was obtamed with a 1 2,600 dilution of the hqmd 

toxm and the reaction was complete withm one hour at 37°C The results o 
neutralization test with the U S Standard Perfrmgens Antitoxm showed tha 
this antigen also possessed a lethal factor for mice Stewart was successful m 
isolatmg it from other antigens by passing the toxm through graded coUodion 
membranes 


From the studies on the rate of deterioration of antigen 1 (zeta-toxm) m the 
liqmd state at room temperature varymg between 82°F and 99°F over a perio 
of 50 days it was observed that although the deterioration was somewhat rapm 
withm the first 20 days the residual toxm remamed sufficiently active to serve ns 
a fairly good toxm Antigen II, on the other hand, was much more imstable , i 
detenorated at a much higher speed, a loss of 60 per cent of the potency bemg 
recorded m five days’ tune even when it was preserved m the cold 


• No attempt Tras made to study the necrotic factor as it had been shown by others to nin pa: 
'vnth the lethal factor 
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The existence of two diSerent antigens m a more complete perfrmgens toxm, 
as suggested by the results noted above, should, however, be finally estabhshed 
by their complete isolation Since antigen II was not only highly heemolytic but, 
to a certam extent, was also lethal to mice, further mvestigations of more mtensive 
nature m animals should be undertaken to evaluate the pathogenesis and antigemc 
capacity of this antigen, although some of the v orkers, namely Schnayerson and 
Samuel (loc cit ) and Prigge (Zoc cit ), on the basis of certam animal experiments, 
favoured the supposition that hiemotoxm II was less important than hsemotoxm I 
m the aetiology of gas gangrene It may also be worth while to consider the 
mclusion of both the antigens m the production of antitoxm pendmg further 
information concermng in vivo action of antigen 11 For testmg such 
antito xins a toxm contammg both of them and the test dose with a stated 
number of m 1 d of haemotoxin II would be necessary 


SuMMABY 

1 A modified bver and veal digest broth without commercial peptone for 
the production of a very potent Clostridium perfnngons (type A) toxm has been 
described 

2 Studies of the lethal htemolytic and opacity factors contamed m the 
toxm mdicate that possibly a more complete perfrmgens toxin (type A) is 
essentially composed of two antigens, each of which is characterised by a different 
type of haemotoxm 

3 Further vork on this subject, particularly for the production and 
standardization of the toxm and antitoxin, has been suggested 
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Table I. 


Effect of various substances added to liver and veal digest broth at pH 7 8 and mmbatd 
at 87°G for 18 hours, on the production of Clostridium perfrmgens toxin 


Medium 

number 

Jleat, per 
cent 

CaCO„ 

per 

cent 

Sodium 
thiogly 
coUato, 
per cent 

j Glucose, 
j jier cent 

1 

1 

1 

NnCl, 

per 

cent 

Fmal 

pH 

Mouse m Ld , 

0 c 

Mod, 
c c 

ilbd^ 

cc. 

1 

Dned 10 0 

Nil 

Nil 

01 

Nil 

6 6 

0 01 

0-002 

om 

2 

» 

» 

tf 

025 

tt 

62 

0 006 

0 0016 

0-0016 

3 

tf 

tl 

fl 

0 5 

ft 

58 

0 008 

0 0016 

0-002 

4 

*» 

» 

0 06 

0 1 

It 

6 5 

0 024 

0 006 

o-ooc 

6 


.. 

0 05 

0 26 

tt 

62 

0 032 

0 006 

ooos 

6 


fl 

0 05 

06 

tt 

66 

0 026 

0 006 

0-000 

7 


ff 

0 05 

01 

tt 

60 

<0 05>0 026 

0 01 

0-01 

8 


tf 

0 05 

026 

tf 

64 

<01 >0 05 

>0 01 

>OOI 

0 

»» 

ft 

0 06 

06 

It 

62 

>01 

>0 01 

>0 01 

10 

ft 

20 

Nil 

01 

>» 

04 

<0 05 > 0 026 

0 01 

0 01 

11 

ft 

20 

„ 

0 26 

” 

62 

<01 >0 06 

>0-01 

>0-01 

12 

ft 

20 

It 

06 


0 0 

<01 >0 05 

>0 01 

>001 

13 

tf 

Nil 

’’ 

01 

» 

0 0 

<01 >005 

>0 01 

>0 01 

14 

tf 

tt 

tt 

026 

It 

63 

>01 

>0 01 

>001 

15 

» 

tf 

tt 

06 

If 

48 

>01 

>0 01 

>001 

10 

Dried 10 0 

ft 

tf 

0 1 

06 

04 

<0 02>0 01 

0 002B 

0003 

17 

If 

It 

ff 

0 26 

06 

6 1 

<0 01>0 006 

0 002 

0 002 

18 

ft 

ft 

tf 

06 

06 

6 8 

<0 02>0 01 

0 0025 

0003 

16a* 

tf 

tf 

ff 

01 

Nil 

64 

<0 02 >0 01 

0 0026 

0 003 

17a* 

ft 

ft 

fl 

0 26 

ft 

62 

<0 01 >0 006 

0 002 

0 002 

18a* 

’’ 

tt 

ft 

06 

tt 

68 

<0 02 >0 01 

0 0025 

0003 

19 

Fresh beef 
20-0 

tf 

tl 

01 

tt 

64 

>0 02 

0 005 

O-OOo 

20 

ft 

ft 

tt 

0 25 

It 

6 1 

<0 02>0 01 

0 003 

O-OOi 

21 

tf 

tt 

It 

05 

tl 

6 6 

>0 02 

oooo 

0006 

22 

tf 

tf 

tt 

01 

05 

66 

<0 02>0 01 

0 004 

oow 

23 

tt 

tt 

It 

0 26 

05 

62 

<0 02 >0 01 

0 003 

0003 

24 

ft 

It 

tl 

05 

05 

68 

>0 02 

0 005 

0-005 


♦ Composition sunie as media Nos 1, 2 and 3 respectively 
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Table n 


Shoicing tJie comparative efficiency of liver and veal digest broth and 
peptone beef infusion broth at pH 7 8 and incubated for 16 
hours in the production of peifnngens toxin 


iledinm 

number 

I 

Medium base 

Jleat, 

per 

cent 

Glucose, 

^ 026 
per cent 

i MaQ, 

0 5 per 
j cent 

Fmal 

pH 

Mouse 
mj d , 

0 0 

1 

M-0 (L, 

C 0 

Mi d , 
c c 

33 

, 1 

Li\ er and 
veal digest 
broth 

Dned 

10 0 

+ 

0 

i 

6 3 

i 

<0 01 >0 005 

0 002 

0 002 

34 



+ 

' + 

61 

0 0076 

0 0016 

0 0015 

35 

Peptone beef 
mfuBion 


+ 

0 

6 0 

0 02 

0 004 

0 004 

36 

»» 

1 ” 

+ 

' + 

6 6 

0 01 

0-003 

0 003 

8R12 

(6/1) 

> 

Fresh 
‘ 20 0 

+ 

+ 

62 

0-02 

0 004 

0 005 


Table III 

Effect of varying the incubation period on the production of toxin 
in liver and veal digest medium at pH 7 8 imth or 
vnthout dried meat 


^ledium 

number 

Glucose, 

025 

per cent 

Dried 

meat 

10 per 
cent 

IvaCl, 

0 6 per 
cent 

Incubabon 

period, 

hours 

Fmal 

pH 

Mouse mid, 
cc 

Mod, 

c c 


25 




6 

6 4 

<0 1 >0 05 

0 02 

0 02 

26 




9 

50 

<0-05 >0 025 


0-016 

27 

-f 



12 

48 

<0 1 >0-05 



2S 

+ 

+ 

- 

G 

6 0 

0-02 



29 

+ 

+ 

— 

9 

6-0 

0-015 


0-004 

30 

+ 



12 

61 

0-0125 








Effect of dned meat, de-fatled dried meat, dried baclo-beef and NaCl on the production of perfnngens 
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Belatioiiship of hamwlytic litre, ojxicity tit)e, and mouse mid of Clostndium perfringens toxins 
produced in liver and veal digest media enriched by various substances 
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Clostridium perfrmgens Toxin 
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Clostndium perfringens Toxin 



With do-fatted dnod I and II 0 01 

meat 



Results of tncubahng the toxins produced in liver and veal digest media at room temperature (82°-d9°F ) 
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ON THE OO^rPLE^klENT AND ESTEEASE ACTIVITY 
OF SEEA OF SOME COMON 
LABOEATORY ANBIALS 


BY 

A C ROY, M sc , 

Biochemist, Indian Research Fund Association, School of Tropical 
Medicine, Calcutta 


[Received for publication, December 31, 1941 ] 


The true nature of serum complement is unknown m spite of many 
investigations on tlie subject In many respects its action resembles that of a 
ferment The curves of complement activity are hke those of enzyme action 
(Thiele and Embleton, 1914-16) and most evidence supports the ferment hypo- 
thesis of the nature of complement As to the nature of the ferment, again there 
are divergent views Though the results obtained by Dick (1913) would seem to 
indicate that hsemolytic complement is of the nature of a proteolytic enzyme, the 
majority of workers on tlie subject consider that its action is similar to that of a 
lipase The presence of a true fat-splitting enzyme m the sera of animals has not 
been estabhshed, but there is strong evidence of the presence of an esterase (i e 
an enzyme capable of hydrolysmg the esters of the lower fatty acids) m varymg 
amounts 

It IS beheved that the function of these esterases is to hydrolyse the lower 
fatty esters in the blood prior to them oxidation, and in this respect they resemble 
the esterases present in the tissues generally and have no specific function 
Several workers have attempted to identify serum complement with serum esterase 
According to Jobhng and Bull (1913) there is paraRehsm between the esterase 
content and the complement strength of the sera of different annuals The work 
of Gordon and lYormall (1929) shows that, whilst the esterase and complementary 
activity of the serum tend to run parallel, there are occasional discrepancies which 
do not support the view that the action of complement is a simple esterase function 
For instance, giunea-pig serum when heated to 56''0 for 30 mmutes loses all 
detectable complement action but still retains adistmct esterase activity Our 
observations on rabbits’ heated serum also support this findmg There are 
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Complement and Esteiase Activity of Sera 


other important findings whicli tend to show that the action of the seram com 
plement is not due to the activity of a lipase system A companson of the hpolytic 
activities of the protein fractions of serum with tliose of the origmal seruin shows 
that these protem preparations possess a liigh percentage of the lipolytic power 
of the ongmal serum but have no hainiolytic action on sensitized red blood cells 
(Dawson and Platt, 1928) Agam, serum inactivated either by zynnn or hy 
ammoma has esterase activity equal to that of the ongmal serum but no hsemo 
lytic complement action The results so far obtained therefore lead to no defimte 
conclusions as to the nature of the complement action 


Experimental 


A comparison was made of the esterase and complement activity of the sera 
of different animal species The esterase activity v as determined according to 
the techmque described earher (Roy, 1938) Yanous dilutions of the serum were 
allowed to act upon ethyl butyrate in the presence of a phosphate buffer solution 
of pH 7 6 Suitable controls for the ester and the serum were run at the same 
tune The flasks were incubated for 21 liours at 37‘^C with toluene as preservative 
and titrated ivith N/50 NaOH, phenolphthalem being used as indicator The 
complement was titrated against sheep’s rbc , sensitized with anti-sheep rabbit 
amboceptor 0 3 c c of sheep’s rbc and 0 1 c c of each dilution of the comple 
ment were used, the total volume of 1 c c being made up with the addition of 
0 6 c c of sterile normal saline To ascertain the effect of natural hamolysms, 
if any, control experiments with non-sensitized sheep’s rbc were run in most 
of the cases Diluted guinea-pig complement 6 m h d was used ns control 

The results given in the tables are typical of a number of experiments done 
on the sera of each species of ammals 

The data given reveal some interestmg facts It wiU be seen that the sera 
of the different species of ammals investigated may be grouped under four distinct 
heads according to their relative esterase and complement activity — 

Group I — Sera having httle or no esterase activity but moderate com- 

plement activity, e g human bemgs, dog, ^ ^ 
(Ji/iesus) The sera of these species are characterized by 
the fact that they all possess fairly active natural ^brnmo- 
lysins capable of lysing even non-sensitized sheep s r b c 
This is a corroboration of the results reported by Kolmer 


(1923) 


Group II — Sera havmg neither appreciable esterase nor complei 
activity, e g ox, sheep, buffalo and goat The sera of 


dement 
the 


.viny, e g ox, sueep, Dunaio ana goav xuv — 
and buffalo, however, produce strong agglutination o 
sheep’s rbc 


ox 


Group III — Sera showing appreciable esterase activity but httle or no 
complement action, e g cat and horse Horse serum was 
found to have no complement action in sheep’s rbc, even 
when used undiluted 
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Group IV — Sera showing both strong esterase and strong complement 
activity, e g rabbit and gumea-pig 

It IS apparent that the blood sera of other ammels must fall into one or other 
of these groups 

SuSIMABY AND CONCLUSIONS 

1 The esterase and the complement activity of the blood sera of animals 
vary vrithm wide Lmuts 

2 The common laboratory animals may be grouped under four distmct 
heads accordmg to the relative esterase and complement activity of their blood 
sera 

3 Except m the case of animals coming under groups II and IV, these 
two properties do not run parallel 

4 That esterase activity and complement activity are not identical is 
apparent from groups I and III, where negative or very low esterase content 
IS associated with high complement action and vice versa 

Aoknowledoment 

hly grateful thanks are due to the Impenal Serological Department, 
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HISTOPATHOLOGY OF MANTOUX REACTION AND 
ERYTHEMA NODOSUM 

BT 

Majos R VISWANATHAN, ba, md, mbop (Lond ), t d d 
(Wales), IMS (EC) 

{Formerly of Andhra Medical College, Vizagapatam ) 


[Reoeived for pnblioation, Deoember 2, 1941 ] 

Three tuberculous patients sbowing more or less the same degree and type 
of reaction to mtradennal tuberculin test were chosen 0 1 c c of 1 m 1,000 
dilution of 0 T was given mtradermally on the flexor aspect of the forearm to 
each of the patients After 48 hours all the three developed erythema extendmg 
over an area of about 4 cm m diameter, and mduration of about 3 cm Under 
block anaesthesia a portion of the skin and subcuteneous tissue fras removed for 
pathological exammation Biopsy material was obtamed from each of the three 
patients on the 2nd, 6th and 16th day after mj ection respectively Histological 
appearances were as follows — 

Case 1 — 2nd day {Plate II, figs 1 and 2) — Skm shows very httle abnormahty 
Dermal papillae are normal Deeper down there are penvascular inflammatorj’^ 
fooi extending down to the sebaceous glands and sweat glands and even the 
subcutaneous fat The capillaries are aill engorged and shov swellmg of the 
endothehum There is begmmng of a thrombus in the lumen The cells them- 
selves are mostly polymorphs Some of them are mononuclears There are 
also numerous lymphocytes There are no large foci of necrosis 

Case 2 — 6 days {Plate II fig 3) — Section shows slight hjp)erkeratosis of the 
surface epithehum with commencmg desquamation In the dermis there are small 
capillary vessels showmg perivascular cuffs of mflammatory cells In places the 
inflammatory reaction is more diffuse and extends deeper dovn m the dermis 
The cells ate mostly mononuclear histiocytes with here and there lymphoid cells 
There is also prohferation of capillary endothehum as well as slight mcrease of 
fibroblasts No necrotic foci are ^^slble In places the reaction can be seen round 
ban follicles and sweat glands 

Case S — 16 days {Plate III, fig 4) — ^Under the skm there are small foci of 
chrome inflammation most marked around the sweat glands Well-marked 
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Mantoux Reaction and Erytheoia Nodosum. 


perivascular reaction and proliferation of the endothelium of the Wood vessels 
are seen The cells are mostly lymphocytes and histiocytes, 'mth an occasional 
polymorphonuclear and eosinophile cells The subcutaneous fat is also infiltrated 
The surface epithehum shows shght desquamation 

Discussion — That the tuberculin reaction is not like ordmary infianmiatoiy 
reaction is shown by the fact that there is evidence of damage to the endothelium 
of blood vessels which show perivascular cuffing and proliferation of the endothehum 
with occasional thrombus formation At the beginning polymorphonuclear cells 
seem to predommate Later on Ij^mphoid cells and histiocytes appear 
Fibroblastic proliferation is also evident m the later stages The histological 
appearances, however, do not substantiate the claim of Kitamura and Tasab (1934) 
that m the tuberculin reaction a tubercular structure is always formed in the cutis 
or subcutis 


Eiythema nodosum 

Biopsy matenals for the study of erythema nodosum were taken from two 
patients who developed the specific nodules few days after Mantoux test was done 

Case 1 {Plate III, Jigs 5 and 6) — The patient, Hindu male, 17 years, sought 
treatment for irregular fever and dry cough of a month’s duration He was 
diagnosed as a case of tuberculosis of the hdum glands from clinical and 
radiological signs pertaining to enlarged hilum The sputum which the patient 
spat out after admimstration of potassium iodide was repeatedly negative for 
T B Stomach wash for exammation was not done as it was thought unnecessary 
His sister was an open case of pulmonary tuberculosis 

Report on his blood was as follows — '' 

R b c 4 76 mill 

W b c 8,200 


Hb, per cent 
SchiUwg’s count 


85 


Nil 

^ per cent, 
19 


Myelocytes 
Juveniles 
Stabs 

Segmentars 
L Mono 
Lympho 
Eosmophile 
32 

Negative 

Mantoux test was done on admission with 0 1 c c of 1 in 1,000 dilution 
produced a very severe local reaction leadmg on to actual ulceration 


67 

6 

6 

26 


Sedimentation rate 
W R 


It 

Four days 


after the test was done, nodules, numerous over both shins, and a few on 
dorsal aspect of the forearm, appeared One of the nodules was excised 
local anaasthesia on the second day after the appearance of the nodules 
histological appearance is given in Plate III, figs 5 and 6 
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AN I]\IPE0VED METHOD FOR THE ESTDIATION 
OF VITAUHN Bi IN FOODS BY THE 
THIOCHROME REACTION 

BY 

lil SWAJIINATHAN 

{Nvtnhon Research Laboratories, I R F A , Coonoor, S India ) 

[Eeoeived for pnbbcation, December 31, 1941 ] 

The thiochrome test for vitaiiun Bi was first descnbed by Jansen (1936) Tbe 
principle of the method is that ^ itamm Bi is oxidized mto its fluorescent derivative 
thiochrome which is extracted with isobutyl alcohol and the fluorescence estimated 
in a fluorimeter Since 1936 several groups of workers have attempted to perfect 
tlie method of assay, as apphed to foodstuffs (Pyke, 1937, 1939 , Hennessy 
and Cerecedo, 1939 , Aykroyd, Knshnan, Passmore and Sundararajan, 1940 , 
Houston, Kon and Thompson, 1940} and human urme (AVestenbnnk and Goudsmit, 
1937, Karrer, 1937, Marratk and HoUermg, 1939, Wang and Harris, 1939, 
Hills, 1939 , Jowett, 1940) Though some success has been achieved in improvmg 
the method as apphed to unne, difficidties have been encountered in evolving a 
simple general procedure for application to all kmds of food matenals For 
example, Aykroyd et al (loc cit ) found their method Applicable to cereals but 
not to pulses, yeast, etc Hennessy and Cerecedo {Joe cit ) have also stated that 
the assay of the vitamin directlv m food extracts vas not possible with certain 
types of foods, though no unusual interfering fluorescent matenals are met with 
For dealing vith such foods, they proposed adsorbing the ntamin on synthetic 
zeohte Pyke (1939) proposed a simple method of estmiating the ntannn in 
foodstuffs, in vhicli the intensity of -fluorescence due to thiochrome was estimated 
visually In attempting to follow this method the author found that the nsual 
companson of solutions contaimng small amounts of thiochrome, in the presence 
of other fluorescent materials, was only roughly quantitatn e, being influenced by 
the personal factor Erroneous results were also obtamed when the fluorescence 
was estimated in a fluorimeter 

It is thus eindent that there is need for a simple and rehable method of 
estimating vitamm Bi in foods The present paper describes a techmque, based 
on the thiochrome method, which appears to be satisfactory 
J, MR ( 263 ) 


6 




M Sioaniinaiha}} 


265 


Apparatus — The fiuorimeter used Mras described m a previous paper 
(Swammathan, 1942) 

Before describing the final procedure m detod, various prehniinary investiga- 
tions carried out vith the object of discovering a satisfactory technique ivill be 
considered — 

(1) Prelvuimry adsorption — fevr experiments were carried out m uhich 
the vitamin vras adsorbed on EuUer’s earth from unpunfied extracts of foods It 
vras found that m the case of some foods, e g pulses and yeast, adsorption vras 
incomplete and variable After precipitation of crude extracts of yeast by basic 
lead acetate foUomng the hydrolvsis of cocarboxylase to the free vitanun, adsorp- 
tion of the ^^tanun vras complete Recovery values vere of the same order as 
those obtained bv the method described in this paper Prehmmary adsorption 
iras accordmdv omitted It is possible that mth certam types of foods the 
adsorption techmque might give shghtlv better recoveries than the direct method, 
if apphed to purified extracts 

(2) Removal of colouring and interfering fluorescent and reducing substances 
bg treatment with basic lead acetate — Most of the foods exammed contamed 
substances of this nature Treatment of the extracts with basic lead acetate 
removed the greater part of them The results obtamed with a few foods before 
and after treatment with lead acetate are given m Table I — 

Table I 


Results of prchminarg expenmenis 


Source of 
extract. 

1 • Method 

1 of treat- 
ment 

Keadmg due to 
‘ blank ‘ test ’ 
(scale divisions) 

Vitamm 
Bj found, 
PS/g 

EeCOVEBT IK PER CZST 
or VITA3IIS B, 
ADDED TO 

Recoverv m 
per cent of 
' thiochromo 
added to final 
isobntyl 
alcohol 
extracts 

Extract 

Food. just before 

oxidation 


1 

r I 

16 

24 

3-0 

60 

60 

60 

Cambn (Penni 








stluin lypfioi ■ 

o 

12 

26 

38 ] 

; 60 

62 

, 73 

cfciim) 

i 3 



1 

1 





9 

24 

38 i 

1 60 

60 

, 76 

1 


1 

12 

29 

25-0 

52 

65 

1 

' 73 

Yeaat dned 








(Toriila- 

} ■> 

8 

27 

26 4 

66 

6S 

76 

stram) 


1 







3 

1 

' 6 

1 

27 

26 1 

63 

67 

1 ^ 


* 1 The ongmal eitract obtained after treatment •vnth pep«in or tata-diflstase, adjusted 
to pH 4 iras used for oxidation 

2 Extract (1) purified bv treatment mth banc lead acetate, mth excess of lead removed, 

the pH adjusted to 4. 

3 Extract (2) after bemg rrashed once mth isobutvl alcohoL 
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Vitamin in Foods 

Table I — concld 






Recovers in per cent 






OF XTTAMTN B, 

Recovery in 





ADDED TO 

per cent of 


* Method 

Heading due to 
‘ blank ’ — ‘ test ’ 

Vitamm 



thioohrome 




extract 

1 

of treat 

B, found. 



added to final 

1 

ment 

(scale divisions) 

Mg/g 


Extract 

isobutyl 



Food 

just before 

alcohol 






oxidation 

extracts 


1 

r 

1 

10 10 

Ntl 

46 

60 

72 

Cabbage (Bras 



1 





Sica oleracea ■ 
capitata) 

1 

I 2 

1 

3 8 

1 

07 

00 i 

06 

82 


1 

3 

3 8 

07 

06 

08 

86 


r 

1 

14 14 

Ntl 

47 

00 

68 

Carrot (Daucus 
carota) 

1 

2 

4 7 

04 

65 

00 

78 



3 

4 7 

i 

04 

00 

04 

85 


* 1 The ongmal evtraot obtained after treatment with pepsin or taka diastase, adjusted 
to pH 4, was used for oxidation 

2 Extract (1) purified by treatment with basic lead acetate, with excess of lead removed, 

the pH adjusted to 4 

3 Extract (2) after being washed once with isobutyl alcohol 


It ■mil be seen that this treatment reduced tbe value of the ‘ blank ’ and 
increased the percentage recovery of the added vitamm, besides removing a large 
proportion of the colouring matter and reducing interfenng substances Further, 
mth two vegetables, e g cabbage and carrots, no value for vitamin Bj content 
could be obtained before lead acetate treatment This was exideutly due to the 
fact that the increase in intensity of the fluorescence due to the thiochrome 
formed is offset by the reduction of part of the high ‘ blank ’ fluorescence during 
oxidation 


(3) Preliminary washing with isobutyl alcohol ■ 
extracts obtained after lead acetate treatmp f 
of the ‘ blanlc ’ and increased the recovery ( 

Harris (loc cit ) also found that preliminarA 
significantly improved the accuracy of tli 

(4) Recovery of added vitamin — Many 


method have reported^^ 
obtained varying recov 
and Jov ett (loc cit)i 
Aykroyd et al (loc cii 
75), and 41 to 80 per c 
In the present investig 
80 par cent with diff' 
"VVestenbrink and Goud. 


^e recovery 
ranging fro 
overv vali^ 
N^alues rai* 
66), withi 
Dx erv of^ 
recox eri 
obsvi 


—Preliminary washmg of tlie 
isobutanol reduced the value 
tamin (Table I) " and 
f urine with isol jhol 


have used th 
■I and Goud 
' cent, xvhilel 
68 per cen) 
to 85 perf 
■ ' I'-u urin( 
Bj ran/ 
m(‘ 
substi 


1 f 


to 
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urine inhibited the formation of thiochrome from added ^^talmn , while ilarrack 
and HoUermg {loc cit ) reported that the final isobutanol ‘ test ’ solutions had an 
inhihitmg effect on the fluorescence due to the added thiochrome Jowett (Zoc cil ) 
expressed the view that mcomplete recoiery of added vitanun was apparently 
due to losses occurrmg during the process of elution and oxidation 

To find out the causes for the loss of added vitamin and the stage at which 
the loss occurred, known amounts of the vitamin or thiochrome v ere added to the 
test materials at three different stages of the test as follows (a) to the foodstuff 
at the beginning of the experiment and (6) to the purified extracts just before 
oxidation , known amounts of thiochrome m isobutanol solution were added (c) 
to the final test isobutanol solutions, to find the percentage inhibition caused by 
the unknown test solutions, on the fluorescence due to the added thiochrome The 
thiochrome v as prepared by oxidizing 40 /u.g of the standard vitamm and extractmg 
the thiochrome formed with 20 ml of isobutanol, so that 1 ml of the isobntanol 
extract represented the thiochrome obtamed from 2 /xg of vitamm Bj Usually 
1 ml of the thiochrome solution was added to discover the percentage inhibition, 
1 ml of pure isobutanol being added to the control, the volume bemg thus kept 
the same m all the comparative tests The percentage recovery was calculated 
bj takmg the mtensity of fluorescence due to the same amount of thiochrome m 
pure isobutyl alcohol as 100 per cent The results of the recovery experiments 
are given m Table I 

It wdl be seen that the values obtamed for the recovery of the vitamin added 
to the food at the begimung of the experiment were approxmiately the same as 
those obtamed m the case of the vitamm addgd to the purified extracts just before 
oxidation, ranging from 60 to 65 per cent It is therefore probable that no 
appreciable loss of the vitamm occurs before the oxidation stage On the other 
hand, the percentage recovery of the thiochrome added to the final ‘ test ’ isobutanol 
solutions v as of a somewhat higher order, ranging from 75 to 85 per cent, indicating 
that 16 to 25 per cent of the losses can be ascribed to the inhibition caused by the 
unknoi\ n ‘ test ’ solution on the fluorescence due to thiochrome added or formed 
from the added vitamm The results further shov that there is some loss of the 
vitamm added to extracts, takmg place durmg the process of oxidation and 
amountmg to 15 to 25 per cent 

Incomplete recovery of added vitanun is therefore due to tv o factors (a) 
the loss of the xutamm added to the food or food extracts occurrmg durmg the 
process of oxidation and (6) to the inhibitmg effect of the unknown test solutions 
on the fluorescence due to the thiochrome formed from the added vitamin Hence 
the practice of correcting the final vitamm values for the loss determined by 
recovery tests seems to be fully justified 

REGULATIO^ OF THE QUANTITV OF FERRICYAXIDE REQUIRED 
FOR OXIDATIOX 

Se^ eral workers ha\ e shown that excess of femcvamde lowers the reading 
given by the test by ehmmating a part of the ‘ blank ’ fluorescence and probably 
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also by destroying part of iilie tbiocbrome formed (Hills, loc ext , Aykroyd 
et al , loc cit , Jowett, loc cit , Westenbrink and Goudsmit, loc ext) Tie 
amoimt of ferricyamde required for the maximum yield of thiochrome depends 
on the total oxidizable substances present besides vitamm Bi and must be 
found by trial 

It was observed m the present mvestigation that for a 12 6-ml quantity of 
purified food extracts, with or without added vitamin, the amount of 5 per cent 
ferricyamde required ranged from 0 3 ml to 0 6 ml The relevant results are given 
m Table II — 


Table II 

The effect of variation of the quantity of feiricyamde on 
the intensity of fluorescenee 


Intensity of fluorescence 
(scale divisions) 


Quantity of 
femoyanide, 
ml 

Pure 

vitamm 

Extract of 
lentil 

Extract of 
yeast 

1 

00 

.. 

1 12 

12 

01 

j 48 

1 

1 26 

1 

27 

I 

02 

1 46 

1 

j 32 

30 

1 

03 

1 

42 

32 

36 

j 

04 

i 

40 

31 

I 1 

34 

06 ' 

1 

1 

1 

39 

28 1 

i 

30 


Final procedube 

A For foodstuffs eontaining no eocarboxylase {cereals, pulses and 

vegetables) 

Extraction — Ten to thirty grammes of the finely powdered or minced 
material containing approximately 10 /ig to 60 /ig of the vitamin, were place 
in a conical flask Ninety ml of vater and 1 ml of 10 N H2SO4 were t len 
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added and tlie mixture heated in a water-bath at 40°C for 15 minutes 
Pepsin, 0 6 g dissolved m 9 ml of water, was then added To a second 
sample prepared as described above, 50 [ig of standard vitamm Bi were added 
to find out the percentage recovery The mixtures were mcubated at 38°C 
overmght They were then heated m a water-bath mamtamed at 65°C to 
70°C for 20 minutes, cooled and centnfuged 

Removal of interfering substances icith baste lead acetate — To 60 ml of the clear 
extract, 12 ml of a N/1 solution of basic lead acetate were added, to precipitate 
the colouring matter and other mterfenng substances present The precipitate 
was removed on the centrifuge Tlie excess of lead present was remo\ed as lead 
sulphate by the addition of 2 ml of 10 N H2SO4 The clear solution was adjusted 
to pH 4 by the careful addition of 10 N NaOH 

Preliminary washing with isobutyl alcohol —Thirty ml of isobutyl alcohol were 
added to the extract obtamed from above, the mixture shaken for 2 mmutes and 
allowed to stand The isobutyl alcohol layer was rejected Ahquots of the 
aqueous extracts, usually 12 6 ml , corresponding to one-tenth of the ongmal 
matenal taken for analysis, were used for estimation as described later 

B For foods containing cocarboocylase besides vitamin Bi {yeast 
animal tissues, etc ) 

Kinnersley and Peters (1938) have shown that in animal tissues and yeast 
N-itanun Bi is present mostly in the form of cocarboxylase, and that enzymatic 
hydrolysis of cocarboxylase to the free vitamin is essential before the thiochrome 
test can be apphed They haye further shown that taka-diastase (contammg 
taka-phosphatase) is capable of hydrolysing cocarboxylase quantitatively to 
vitamm Bj m a short time Taka-diastase was therefore employed m the present 
ini estigation when deahng with yeasts and animal tissues 

Extraction — A smtable quantity of the finely powdered or mmeed matenal 
(1 g to 2 g with yeast and 6 g to 10 g wuth animal tissue), contammg 
approximately 10 fig to 50 fig of the vitamm, was suspended m 45 ml of 
N/10 H2SO4 The mixture was heated with constant stirrmg m a boihng 
water-bath for 20 mmutes, allowed to cool and centrifuged The residue wns 
extracted once again m the above maimer using 35 ml ofN/lOHnSO^ In the 
case of extracts obtamed from animal tissues, 8 ml of 25 per cent trichloracetic 
acid contammg 0 5 ml of 10 N NaOH w ere added to precipitate the protein 
derivatives present The addition of trichloracetic acid to yeast extracts is 
unnecessary 

Hydrolysis of cocarboxylase to vitamin B\ — The pH of 4 0 required for 
cnzjmatic hydrolysis was attamed by adding 2 3 ml of 4 8 N sodium acetate 
solution to the combmed extracts Taka-diastase (0 5 g ) was added and the 
mixture thoroughly shaken The solution was then made up to 100 ml by the 
addition of acetate buffer (pH 4), w armed to 38°C and mcubated at 38°C for 5 to 
6 hours 
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The rest of the procedixre, e g treatment wath lead acetate and jsohutyl 
alcohol, was the same as that followed for cereals and pulses 

Notes — (1) Tho vitamm present in starchy foods, e g cereals and pulses, can be easily exlracted 
by boding N/10 H;,SOi, but relatiiely largo amounts of the sohent (200 ml to 
300 ml for 10 g of the material) arc required to obtam anjdhmg like the complete 
extraction required for the procedure described 

(2) Incubation of the extracts of cereals and pulses at pH 4 with taka diastase did not, 

as in the case of yeast and animal tissues, result in any increase m the values 
of vitamm Hence the taka diastase treatment was omitted when dealing 
ivith cereals, pulses and vegetables 

(3) Estimation of the vitamin B, content of a few samples of 3 'east and hver was earned 

out with and -without prehmmary digestion of the test matenal with pepsin. 
The results obtained were the same in both cases, so that prehmmary digestion 
with pepsm appears to be unnecessarj' with jeast and animal tissues. 

The thiochrome test — Ahquota of the extracts, usually 12 6 ml of the purified 
extract eqmvalent to one-teuth of the original material taken, were measiued 
into four glass-stoppeied tubes (50 ml capacity) marked B, Tj, Te and T 3 respect- 
ively Standard vitamm Bj, 5 [xg , was taken in another tube marked S and 
the volume dduted to 12 6 ml by the addition of watei saturated with isohutyl 
alcohol Two ml of methyl alcohol were added to each Two ml of 40 per cent 
NaOH were then added to tube B contaimug the ‘ blank followed by 15 ml 
of isobutyl alcohol The mixture was shaken for 2 minntes and allowed to stend 
To tube S were added, m rapid succession, 0 2 ml of 5 per cent femeyamde, 2 ml 
of 40 per cent NaOH, and 15 ml of isobut} 1 alcohol The mixture v as well shaken 
for one minute and allowed to stand The contents of tubes Ti, T 2 and Tg were 
treated in the same manner as S, except that 0 3 ml , 0 4 ml and 0 6 ml of 6 per 
cent femeyamde were added instead of 0 2 ml Ten ml of the clear filtered 
isobutyl alcohol extracts were used for the estimation of the amount of fluorescence 
present in the fluonmeter 

Calculation — The maximum reading obtained with any one of the three 
‘ test ’ solutions Ti, T 2 and Tg was taken as the correct value The value obtained 
for the ‘ blank ’ was allowed tor in the usual way The percentage recovery of 
added vitamin ranged from 60 to 80 with different foods Hence all the values 
obtained for the test materials were corrected using the corresponding recovery 
values 

Results — The method described was apphed to 19 foods, viz 4 cereals, 6 pulses, 
2 vegetables, 4 samples of yeast, ground-nut, nee pohshings and sheep hver The 
results are given in Table III For the two samples of dried brewer’s yeast, values 
of 34 0 pg and 24 1 pg per g were obtained Another sample of dried yeast 
{Tonila strain) grown in the laboratory on a synthetic medium contaimug molasses 
gave a value of 26 1 pg , whde a sample of dried distillery yeast gave the lower value 
of 12 9 pg These figures appear to correspond well wuth those reported by Paveek, 
Peterson and Elvehjem (1937) for yeasts grown on different media Of the four 
cereals investigated, whole wheat contained 4 3 pg , raw nulled nee 1 2 pg j rav 
husked nee 4 1 pg and carabu 3 8 pg These figures correspond closely vntli 
those reported by Ay’kroyd et al {loc ett ) for a large number of samples All the 
six pulses investigated were found to be good sources of the vitamin, containing 
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2 1 /ng to 5 1 /xg Values of 7 4 /xg and 3 6 /xg were obtained for ground-nut and 
fresh sheep hver respectively Cabbage and carrot v ere found to be poor sources, 
containing 0 1 /xg and 0 4 /ig respectively On the v hole the results obtained by 
the present method appear to correspond well with those reported by other 
workers using biological methods (Aykroyd et al , loc cit , Wilhams and Spies, 
1938 , Leong, 1940) 

Table III 

VtUimtn Bi content of various foods 


Name of foodstuff 

1 

Botamcal name 

1 

Vitamm B,, 
/xg/g 

Ctreals — 



Cambu 

Pennisetum typhoideum 

38 

Eice raw milled 

1 Oryza sattta 

1 2 

Eice, raw husked 

j Oryza sativa 

4 1 

Wheat whole 

1 Tnticum milgare 

43 

PuUex — 



Bengal gram 

Ctcer anetmum i 

46 

Black gram 

Phaseolus mungo 

4 1 

Green gram 

Phaseohts radtatus 

46 

Lentil 

Lens eseulenta 

1 41 

Bed gram (1) 

Caganvs indteus 

38 

Bed gram (2) 

i Cajanus tndicus 

f 21 

Vegeiablei — 



Cabbage 

1 Brassica oleracea capitata 

0 7 

Carrot 

1 Daucus carota 

04 

Kilts— 



Ground nut 

1 Arachis hypogea 

74 

Flesh foods — 

I 


Liver, sheep 


3 6 

Yeasts — 

1 


Yeast, dried, brewer’s (1) 


340 

Yeast, dried, brewer’s (2) 


24 1 

Yeast, dried, Torula (grown on a synthetic medium 


26 1 

contammg molasses) 



Yeast, dried, distillery 


12-0 


Discussion 

The method described is rapid and simple It has been found to give rehable 
results with a wide range of matenals, contaimng ^ arymg amounts of vitanun Bj 
It was found possible with practice to assa} siv foods m two days The ^eco^ en 
of added mtanun is of the same order as that obtamed with other thiochrome 
methods Further attempts to improve the recovery of added vitamin are being 
made 
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SUMMABY 

1 A simple method for the estimation of vitamin Bi in foods, using the 
thiochrome reaction, has been described 

2 Materials interfering in the thiochrome test were eliminated to a large 
extent by treatment with lead acetate and preliminary washing with isobutyl 
alcohol 

3 Evidence has been produced to show that the incomplete recovery of 
added vitanim is due to [a) the loss occurring during the process of oxidation and 
(6) the inhibiting effect of unknown isobutyl alcohol ‘ test ’ solutions on the 
fluorescence due to the thiochrome formed from the added vitaimn The practice 
of correcting the vitamin values for the loss, as determined by recovery tests, 
seems to be justified 

4 The method has been applied to the assay of the vitamm Bi content of 
19 foods and found to yield values which corresponded well with the results of 
biological tests 
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BY 
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Patlwhgisl, Nutnhon Research Laboratories, I R F A , Coonoor 
(From the Nutrition Research Laboratories, I R F A , Coonoor, S India ) 

[Received for pubbcation, December 31, 1941 ] 

As the result of erpermients earned out in Coonoor during the years 1918-21, 
McCamson (1921) reached the conclusion that ‘ the health of the gastro-intestinal 
tract IS dependent on an adequat-e provision of accessory food factors ’ and he 
noted that ‘ expemnents with animals have led us to expect that acute intestinal 
disorders will he among the commonest of the consequences of deficient and ill- 
balanced food ’ JlcCamson’s experiments, v hich were earned out on monkeys, 
pigeons and guinea-pigs, are fuUy desenbed in his book ‘ Studies m deficiency 
disease ’ In the monkey experiments he used autoclaved diets which were grossly 
deficient in vitamms and other essential food factors , deficiency states were 
rapidly mduced and were for the most part of an acute and fulmmating nature 
Of 25 monkeys fed on the deficient dietanes 21 developed diarrhoea or dysentery 
and most of these died mthm a few neeks No animal sumved for more than 
2 to 3 months 

"WTiile jMcCamson’s conclusions with regard to the vulnerabdity of the mtestme 
in monkeys to defecti\ e feeding were full} justified on the basis of his experimental 
data, the diets used were more ill-balanced and deficient than any type of diet hkeh 
to be consumed by hmnan beings Further, deficiency states as met with m man 
are usualli of a more sub-acute or chrome type than those which he observed m 
his experimental animals It is thus diflicult to draw conclusions as to the 
paraUebsm between the intestinal conditions observed in his monkeys and 
intestinal conditions occurrmg in human bemgs 

The object of the present im estigatiou was to observe the effect on monkeys 
of long-continued feeding on poor nee diets resembhng those consumed by human 

( 273 ) 
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Summary 

1 A simple method for the estimation of vitamin Bi in foods, nsiiig the 
thiochrome reaction, has been described 

2 Materials interfering in the thiochrome test were eliminated to a large 
extent by treatment with lead acetate and preliminary washing with isobutyl 
alcohol 

3 Evidence has been produced to show that the incomplete recovery of 
added vitamin is due to (a) the loss occurring during the process of oxidation and 
(b) the inhibiting effect of unknown isobutyl alcohol ‘ test ’ solutions on the 
fluorescence due to the thiochrome formed from the added vitamin The practice 
of correcting the vitamin values for the loss, as deternnned by recovery tests, 
seems to be justified 

4 The method has been applied to the assay of the vitamm Bi content of 
19 foods and found to yield values wdiich corresponded well with the results of 
biological tests 
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Table l—eondd 


Diet A. 

Per monkey 
per day 

Diet A 

j Per monkey 

1 per day 

Root vegetables 

40 g 

♦Fruit 

j 20 g 

1 

Other vegetables (raw) 

40 „ 


1 

1 


* Given three days in the week, i e on Mondays Wednesdays and Fridays, abont 60 g at a tune 
Ptihes — Bengal gram (Otcer anelinum), black gram {Phastohtt nttingo), green gram {Phastoltcs 
radtalut) and dhal arhar (Cajaniis indictis) — equal parts ground into flour 
Boot vegetables — ^Potato, carrot, sweet potato or turnips 
Other vegetables — 


Sunday 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 


Bitter gourd (Momordica charanlia) 
Cabbage 

Cucumber or calabash cucumber 
Lady’s finger (fftbtscus esculenliis) 
Bnn]a! (Solatium melogetia) 
Pumpkin 
Green plantain 


PrutI — Plantain, mango, orange, apple or papaya 

The atta, pulse, whole mdk and butter or ghee were mixed and made into a ‘ ohapatti ’ (nn 
leavened cake) Half the ‘ chapatti ’ was given at 9 a m and the other half at 3 pm The 
other foods wetts fed separately m the raw state Root vegetables were given m the mornmg and 
the other vegetables (raw) and fruit m the evenmg 


Table II 


Diet B — Based on milled nee and containing snpplenientarg foods 
in small quantities 


Diet B ! 

1 

1 

Per monkey 
per day 

1 

Parboiled or raw milled ncc 

100 g 

♦Vegetable 

10 „ 

*Pnlso 1 

1 

7 » 

Gingelly oil 

0 5 c c. 

-• 

-- 


Diet B 

Per monkey 
per day 

Coco nut oil 

0 25 c c 

♦Salt 

06 g 

Chillies (powder) 

j 0-25 „ 

♦Tamarind 

0-25 „ 


* These were made into a soup bj boiling and mixed with cooked nee gingellv oil and coco nut 
oU were added Half the above quantities was gnen at 9 a m and the other half at 3 n m The 
ftiaount of food stippliwl was alwovs somowhat ua OTcess of requireiaents ^ 
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The monkeys on diet A consumed all the fruits and vegetables and practically 
all the milk A variable proportion, usually about one-third, of the ■whole-vlieat 
chapatti was often left unconsumed The cooked rice and soup of diet B ivere 
mixed well, made into a bolus, and offered ad hb to the animals 

Diet A was superior to diet B in respect of nearly all the important food 
factors The latter was deficient in vitamins A and C, vitamins of the B group 
and calcium 

The ammals were kept m separate cages under hygienic conditions They 
were housed in airy rooms, the temperature of which was kept fairly constant 
Artificial heating was supplied during the cold season Tlie animals were set free 
for exercise every day in an enclosed run which provided plenty of space and 
sunshine 

The investigation was commenced in April 1938 and completed in March 1941 
Altogether 84 ammals were observed, 23 on diet A and 61 on diet B 


Observations 

No significant differences in the state of nutrition of the two groups were 
observed during the first few weeks But as the experiment progressed, striking 
differences were noticed m the health and well-bemg of the two groups Most 
of the a nim als in group A mcreased steadily in weight, while the weight of those 
on the rice diet remained stationary or declined As regards weight, there was 
very considerable individual vanation 

The condition of the ammals in group A was m general satisfactory They 
were active and ate then food well Some animals in this group survived for over 
2 years m good condition In general they remained fanly free from disease 
Some ammals suffered from relatively mild attacks of diarrhoea from which they 
recovered easdy Dysentery, as shown by blood and mucus m the stools, also 
occurred in 8 members of the group Usually they recovered rapidly and no 
death occurred from this cause One animal in group A lost weight steadily 
and on post-mortem examination an adeno-carcinoma of the stomach was 
revealed 

The monkeys in group A, when out at exercise, were active and playful, 
cbmbmg all over the enclosure Those in group B, on the other hand, soon became 
listless and lost energy and much of the normal simian interest in then surroundings 
They spent much of then time picking one another’s pelts On approaching the 
enclosure, it was usually possible to distinguish from a distance of about 25 yards 
which group was out at exercise, from the behaviour of the ammals 

Some of the animals fed on the nee diet became progressively weak and 
died vuthin 6 or 8 weeks, others survived for 6 to 12 months In some animals 
the survival period was extended by the addition of supplements, described 
below, to the diet when the ammal appeared to be in a bad state In animals 
surviving for several months, a fanly constant chmeal picture made its 
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appearance, thougli there was much individual variation as to the time of 
onset The appetite was impaired and attacks of diarrhoea occurred The 
stools were small, pale in colour, and varied m number from 4 to 10 per day , 
microscopic ei.amination of the stools revealed undigested food particles 
degeneratmg epithelial cells and a large number of bacteria Mucus and blood 
were not present In untreated cases, the animals usually became steadily worse 
and died As the aim of the expermient was to study the effects of chrome diet 
deficiency, supplements of milk (100 c c ), sprouted gram (100 g ) and one npe 
plantain a day were given to some monkeys with diarrhoea in addition to the 
basal diet, for a few veeks at a time, the object being to extend the period of 
survival In ammals which had not been fed for prolonged periods on the deficient 
diet and were m a fauly good general condition, the provision of these supplements 
usually checked the diarrhoea The supplements were withdrawn as soon as the 
condition of the ammal improved As the period on the deficient diet mcreased 
the attacks of diarrhoea tended to become more frequent and prolonged, until 
finally a condition of chrome diarrhoea, leading to emaciation and death, super- 
vened m many animals in the group In the later stages of the disease, the 
supplements were without effect in checking the diarrhoea and imptomng the 
general condition The incidence of attacks of diarrhoea in group B was about 
three times as great as in group A The average duration in days of each attack 
of diarrhoea was considerably greater in the former 

Durmg certain seasons, dysentery, endenced by blood and mucus m the stools, 
occurred m both groups, presumably due to an infection carried by flies MTiile 
ammals in group A usually got over the attack quickly in group B it showed a 
tendency to pass into the sub-acute or chrome stage 

In addition to the gastro-intestinal disorders some animals in group B showed 
signs mdicative of deficiency disease These included catarrhal ophthalmia, 
xerosis of the conjunctiva, blepharitis lachrymation, swelbng of the eye-lids (see 
Plate IX, fig 20), pyorrhoea alveolans, spongy and bleeding gums, ulceration of the 
gums wnst-drop (see Plate IX, fig 18), spastic or flaccid paralysis of the limbs and 
chrome ulcers on the hind limbs Two conditions requue special mention These 
are disorders of the skm and cedema The hair became coarse, sparse and 
‘ staring ’ Some chromcally deficient ammals showed a symmetrical denudation 
of the hau over both hands and feet The skm in these areas was rough and 
scaly, and showed hyperpigment-ation and branny desquamation (see Plate 'XT^II, 
figs 13 to 16) The condition was m some degree suggestive of the cutaneous mani- 
festations of pellagra The tail also showed similar changes , in addition chrome 
indolent ulcers were frequently present especially o\er the feet 

A few animals showed oedema, which was pecuhar in its onset and distribution 
The cedema tended to appear suddenl}, usually over the lower part of the 
face It also invoh ed the scrotum (see Plate IX, fig 17) Some monkeys showed 
swelbng of the hands and, occasionalh of the feet The addition of supplements 
usually cleared up the cedema The neurological niamfestations and cedema 
were more marked in animals (15 in number) fed on raw milled nee which has a 
much lowdr vitamin Bj content than parboiled milled nee (Aykrovd, Knshnan, 
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Passmore and Sundararajan, 1940) These ammals usually 'went down-lull 
rapidly, and none sunaved for more than 23 weeks 

The terminal climcal picture, shown by a large proportion of the group, 
was one of great emaciation, marked prostration, and chronic diarrhoea In 
this condition, the ammals lost appetite for food and assumed a peculiar hunched 
posture, bending the upper part of the body and putting the head in between the 
hind limbs ■with the hands behind the neck 

The various lesions of the skin, eyes and gums descnbed above, and oedema, 
did not occur in group A 


Autopsy findings 

A complete post-mortem examination was carried out on 15 ammals in 
group A and 40 in group B Most of those from group A exammed were hUed 
m a healthy state In group B, the ammals were usually killed when moribund 
Pieces of tissues ■were taken for histopathological study as soon after death 
as possible to avoid post-mortem changes 

The following descnption applies in general to the chronically deficient ammals 
in group B — 

The animal was much emaciated and the face had a pinched appearance The 
skin and hair showed the appearances described above One aminal showed 
aphthous ulceration of the gums {see Plate IX, fig 19) smular in appearance to 
that ascribed to ‘ vitamin M ’ deficienc'S’’ by Langston, Darby, Shukers and 
Day (1938) 

In the abdomen, there was very little subcutaneous, retroperitoneal or omental 
fat Distension of the stomach and intestmes was occasionally noticed The 
omentum and mesentery were thin The mesenteric and deo-csecal glands were 
enlarged Intussusception of the descending type was occasionally noticed, but 
this occurred in both groups 

On opening the ^thorax, the lungs were found collapsed and, in some cases, 
adhesions between the parietal and visceral pleura were present The lungs, four- 
lobed on the right side and three-lobed on the left, showed varying degrees of 
pigmentation The heart was smaller in size than normal In one instance, a 
caseating tubercular gland was noticed at the hilum of the right lung Bwdences 
of patchy consolidation (non-tubercular) were present in a few cases It is of 
interest to note that tuberculosis was a rare complication in these experiments, 
because monkeys used for experiment in Europe and America frequently fall 
victim to this disease The relative absence of tubercular infection was probably 
due to the facts that the animals were used for experiment immediately after being 
caught in the jungle, and located in a healthy rural area, 6,000 feet above 
sea-level 

The internal appearances of the gastro-intestinal tract vere interesting 
The tongue was furred and the papillm were prominent , occasionally, however, 
it showed a glazed appearance The mucous membrane of the pharynx and 









Plate VI 


Figs 6 and 6 — Photomicrographs of tho lower part of small intestine of monkeys fed on the diets 
(group B), showing varying degrees of atrophy 



Fig 6 Fra 6 

Figs 6 and 6 — Note the atrophic mucous membrane, which is only a few cells deep m Fig 6, and the 
atrophic lymphoid folhole m Fig C X 60 



Fig 7 Fig 8 

Figs 7 and 8 — Photomicrographs of upper (Fig 7) and lower (Fig 8) parts of small intestine of a 
monkey fed on diet A showing normal appearances X 60 



Plate VII, 



Fig 0 Fiq 10 

Figa 9 and 10 — Photomicrographs of upper part of small intestine of monkeys m gronp B shomng 
‘ withermg of the tips of the viJh' (Iig 9) and flattenmg of the villi and atrophy of the mnco'a 
(Fig 10) X 50 



Fic 11 Fig 12 


KiC' 11 and 12— Large mte«tme of monkeys m group B showmg acute (Fic 11) and sub-acute 
r I (Fig 12) d\sentenc ulceration '■50 



Plate VIIT 



rio 15 

T1k» 15 niul 10 — l>\n>tourn.lO\R oflmn lij \ r - v O u, \n^ 
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OBsophagus were pale The tonsils were atrophic The mucous membrane of the 
stomach was also pale and usually thinner than normal , m some cases, it showed 
superficial erosions and petechiie The duodenum was catarrhal and the mucosa 
was fined by a tfiick layer of mucus Chrome gastric or duodenal ulceration was not 
present m any case The jejunum and ileum showed varying degrees of atrophy, 
this bemg more marked m the lower part of the deum, from about 10 to 12 inches 
above the ileo-csecal valve downwards The mucous membrane of the gut was 
soft, cedematous and Imed by a layer of thick mucus On washmg the gut, it was 
observed that the transverse folds of the mucous membrane were not promment 
m the jejunum and were entirely lost m the lower ileum In the latter, the 
atrophic Peyer’s patches were rendered very promment by the atrophic changes m 
the mucosa The muscular layers also showed varymg degrees of atrophy and, m 
a well-marked case, the ileum looked papyraceous Instead of showmg the normal 
pinkish appearance of the gut, as seen m transmitted fight, the deum was pafish- 
white m colour Petechial hsemorrhages were present in the small mtestme m a 
few animals 

The mucous membrane of the large mtestme did not show similar atrophic 
changes Evidences of acute, sub-acute, or chrome bacdlary dysentery were 
present m the large gut m animals nhich had suSered from the disease The 
solitary lymph follicles were promment msome cases 

The fiver was atrophic and m some cases showed a ‘ nutmeg ’ appearance 
There were miliary tubercles m one animal In another, the snprarenals n ere 
enlarged to nearly thrice the normal size and, on section, showed hsemorrhages m 
the medulla The kidneys were pale and m some cases showed retention cysts 
Other internal organs showed no noteworthy macroscopic changes 

Gross gastro-mtestmal lesions, of the type described above, were not met with 
m group A The mucosa usually showed some catarrh and was covered by mucus 
In one instance, the stomach showed superficial erosions of the mucosa and 
petechial hsemorrhages The large intestines showed evidences of baciUary 
dysentery m those animals which had suffered from attacks of the disease 

HiSTOPATHOLOGY of the GASTEO-rNTESTTNAL TRACT 

(1) Group B — The tongue showed no evidences of gross atrophy of the 
epithelium In some mstances, however, the epithelium was slightly thinner than 
normal In few cases, there was hyperkeratimzation of the fimng epithelium of 
the tongue and oesophagus 

The mucosa of the stomach showed Ivmphocytic infiltration of the superficial 
parts of the mucosa, atrophv of the gastric glands and superficial erosions m some 
cases In a fev, the mucosa and sub-mucosa showed petechial hfemorrhages 
Congestne and hromorrhagic changes were occasionally noted in the duodenum 

Serial sections of the mtestines of animals summng for varying periods on 
the deficient diet were examined In animals fed on thence diets for about 10 
weeks, the epithelium covering the vilfi showed degeneration The lymphoid 
J, MR (T 
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elements were reduced in number In cases surviving for longer periods, the vilh 
were almost acellular, with the covering epithelium lost These appearances are 
similar to the ‘ withering of the villi ’ described by Mackie and Fairley (1929) in 
sprue Specimens removed from animals sufienng from prolonged diarrhoea 
showed flattemng of the villi and decrease of the reticular tissue In these 
cases, the mucous membrane was only a few cells deep Degenerative changes 
in the glands of Lieberkuhn appeared onlv in the most protracted cases of dianhcea 
The protoplasm of the affected glands was granular, and their nuclei were swollen 
The glands did not take the stain properly and disappeared completely in places, 
thus reducing considerably the number of glands in the mucous membrane The 
atrophy of the glandular elements varied greatly in different annuals, and varying 
degrees of the condition w'ere noticed in the same section The musculaiis nincosa 
was less prominent than normal CEdema and congestion of the mucous membrane 
were also observed in some of the cases of relatively short duration It is interesting 
to note that at no stage were inflammatory changes observed in the mucosa or 
sub-mucosa 

The sub-mucous coat showed dilated and congested vessels and small collec 
tions of effused red blood cells These petechial hfemorrhages were seen even m 
cases which showed macroscopically no evidence of hcemorrhagic diathesis 

The essential change in the muscular coat of the small intestine was atrophy 
But here, in contradistinction to the mucosa, the change was essentially a reduction 
in the volume of the muscular tissue, the individual fibres and then nuclei which 
remamed appearmg normal The serous coat showed no abnormality beyond 
congestion in some instances 

Degenerative changes were constantly present in Auerbach’s plexus In 
most cases the plexus was enlarged and oedematous, and hence easily recognized 
in the sections Varying degrees of degenerative changes, from cloudy sweUing 
to complete degeneration, were found in the gangbon cells The number of ganghon 
cells involved in the degenerative process and their distnbution m the plexus showed 
great variation m the several specimens In chrome cases, normal ganghon cells 
were rarely seen and the plexus was represented by empty spaces containing 
skeletons of dead or degenerating gangbon cells, round cells, fibroblasts and glial 
cells 

'' Changes charactenstic of sub-acute or chrome bacillary dysentery were 
observed in the large mtestine m some cases Only m one case were degenerating 
amcebre found in the sub-mucosa The large mtestine showed no evidence of the 
marked atrophic changes noticed in the small intestine The mucous 
showed slight atrophy m some cases Auerbach’s plexus, however, showed 
changes similar to those desenbed in the small mtestme 

(2) Group A — The atrophic changes m the small mtestme described above 
were not evident in group A Ulceration of the mucosa of the large gut was, 
however, present in some animals m this group Study of the senal sections 
suggested that this condition was not so advanced or chrome as m group B 

Plates V to VII illustrate the changes described in the preceding sections. 
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Histopatholosical changes in other viscera an© tissues 

The follovrng changes is ere observed, singly or in combinahon with others, 
in various animals in group B — 

Liter — ^Fatty degeneration , necrosis of the parenchymal cells around 
the central vein , icteric necrosis of the parenchymal cells , perichol- 
angitis , niihary tubercles 

lAiiigiy — Broucho-pneunioma and miliary tuberculosis of the lungs , 
cseseating hilum gland 

Eiidocrines — Cystic thjToid , slight increase of perivascular connective 
tissue m the parathyroid , hsemorrhages m the cortex and medulla 
of the suprarenals 

Slin attd e’ptlidtum — Slight hyperkeratimzation of the epidermis and 
mouths of the hair folhcles , h}'perpigmentation (more marked 
over hands and feet) , shght hyperkeratimzation of the epithehum 
limng the vagina 

Nervmts system — Shght degeneration of the posterior columns and posterior 
nen’^e-roots m the spinal cord , occasionally, similar changes m the 
lateral columns , shght myebn degeneration of the peripheral pervous 
system. 

In group A, one animal showed broncho-pneumoma of the lungs and another 
had emphysema Secondary mabgnant deposits were noticed m the h\ er of the 
animal, referred to above, which showed a malignant .growth in the stomach 


Hematological findings 

Complete hsematological investigations were carried out on all animals m 
both groups Some ammals in group B showed shght secondary amemia , a few 
developed marked hypochromic, microcytic amerma Macrocytic hj^ierchronuc 
aneemia was not observed m a single instance in animals fed on the deficient diets 
for prolonged periods Smears taken from the bone-marrow showed a normo- 
blastic reaction m cases with secondary anserma A megaloblastic reaction of the 
bone-marrow was not observed in any case Fractional test meals, however, 
showed a high incidence of hypochlorhydria in the stomach 


Discussion 

Two types of change vere thus noticed in the gastro-intestinal tract of 
monkeys fed on the rice diets The changes m the small intestme iv ere degenerative 
in nature and non-inflamniator} On the other hand, the lesions of the large 
intestine were inflammatory in type Both groups of animals were kept under 
the same emnronmeutal conditions, the only difference being the diet given It 
seems clear that the atrophic changes found m the small intestme m group B were 
due solely to the deficient diet since similar changes were not evident m ammals 
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in group A fed on the well-balanced diet In starvation generabzed atrophy of 
all the internal organs occurs, but not atrophy bmited to the lower part of 
the small intestine 


The lesions of the large intestine, which were observed in ammals in both 
groups, were evidently the result of a superimposed infection Bacillary dysentery 
IS not uncommon in Coonoor, particularly in the hot season, and the monkey 
houses and food attracted numerous flies at this time of the year Histologically 
the lesions were typical of bacillary dysentery In one case in which a cultural 
examination of the stools was carried out, a pure culture of B dys&iienw 
(Flexner) was isolated 


AVhile the intestinal condition dommated the chmcal picture, group B m 
general showed multiple signs of deficiency disease This is to be expected, since 
the diet was deficient in many essential food factors The presence of multiple 
haemorrhages in the different organs observed microscopically suggested that the 
animals v ere m a state of subchnical scurvy On the basis of the observations 
recorded, however, the intestinal changes cannot be ascribed to deficiency of any 
particular vitamin or other food constituent Further work will be necessary 
to establish any such association 

While the above experiment was m progress, an interestmg paper was pubhshed 
in the East African Medical Journal by McKenzie (1940) He described a 
cbnical condition occurrmg in African labourers subsisting on very poor diets, 
which appears to be almost identical with that observed in the monkeys The 
name ‘ nutritional diarrhoea ’ was given to this condition The gastro-mtestmal 
symptoms and the microscopic appearances of the gut in these cases were closely 
similar to those described above One noteworthy observation was that the 
mcidence of ‘ nutritional diarrhoea ’ among estate labourers fell remarkably, with 
an improvement in the diet and hvmg conditions on the estates 

The high incidence nf gastro-intestinal disorders, particularly diarrhoea and 
dysentery, m India, and the mcreased death rate due to these causes m times o 
famine are well known In a report on the recent famme in Hissar, Punjab, Nico 
(1941) pomts out that there was a str ikin g mcrease m the mcidence of ‘ dysentery 
and diarrhoea ’ during the period of famine This is additional evidence to show 
that the digestive tract is affected by malnutrition It is to be observed that the 
death rate from ‘ dysentery and diarrhoea ’ in the Punjab, as recorded m the Annua 
Reports of the Pubhc Health Commissioner with the Government of India, is 
usually from one-fourth to one-sisth that of Onssa, the Central Provinces and 
Madras The Punjab is a wheat-eating provmce, while in the latter provinces 
rice IS the prmcipal or an important staple 


Inquiries among clinicians suggest that a climcal picture similar to that shown 
by the ill-fed monkeys and reported by McKenzie in East Afnca is often seen m 
malnourished patients in India Cases of chronic diarrhoea of obscure eetiology 
which do not respond to any kind of treatment and slowly waste away and me 
are seen in the ‘ chrome wards ’ of any teachmg hospital in South India o 
systematic investigation of this condition has as yet been carried out. It wou ( 
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be interesting to know wketkei sncli cases exhibit atrophic changes m the gut, 
similar to those described above 

iManson-Bahr (1941), m a recent article reviewmg the setiology of the sprue 
syndrome, pomts out that ‘ sprue ’ is not a separate chnical condition, but an 
assefnbly of clmical phenomena due to damage to the mucosa of the small intestine 
The syndrome may be produced by a number of diverse surgical and medical 
conditions, e g gastro-jejunocohc fistula (de Rivas, 1930, quoted by Manson-Bahr, 
1941 , Rairley and Kilner, 1931) , ulceration of the deum, blockage of the 
lymphatic supply of the bowel, as in tabes mesentenca, lymphadenoma lympho- 
sarcoma of the mesenteric glands (Fairley and Mackie, 1937) , mabgnant disease 
of the small gut (Manson-Bahr, loc cU) The term ‘ chrome jejuno-deal ineffi- 
ciency ’ has been mtroduced to denote this condition A further possible 
cause of this condition is a diet deficient m essential food factors, such as the 
‘ poor nee diet ’ supphed to the monkeys m these experiments Tlie syndrome 
presented by the monkeys, however, differed from that of typical tropical sprue, 
m that the typical lesions of the tongue and macrocytic anaemia were absent 

Wills and her co-workers (Wills and Bihmona, 1932 , Wills and Stewart, 
1936) have reported the development of a nutntional macrocytic-hyperchromic 
ansemia m monkeys fed on diets resemblmg those consumed by patients suffenng 
from ‘ tropical macrocytic anromia ’ m Bombay The nee diet given to monkeys 
m this investigation resembled that used by the above workers, but none of the 
animals showed any evidence of macrocytic anaemia The anaemia which resulted 
was, as already pomted out, microcytic and hypochromic 

SxrKMABY 

Monkeys fed on diets based largely on milled nee and contaming supple- 
mentary foods m small quantities, similar in composition to those consumed 
by the poor nce-eaters m India, developed a chrome diarrhoea accompamed 
by atrophic changes in the small mtestme, especially of the lower third Histo- 
logical exammation showed varying degrees of degenerative changes m the 
difierent layers of the gut and in the intramural nerve plexus These changes 
did not occur m animals fed on a good diet based on whole wheat, milk, and 
vegetables 

In both groups, inflammatory lesions resulting from a superimposed baciUary 
dysenteric infection were sometimes present m the large intestine 
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Eggs are generally recognized as an excellent supplement to the human diet, 
since they possess most of the essential elements which are either absent or deficient 
m the cereals that normally provide the major bulk of man’s food In countries^ 
where the standard of hving is high, eggs are widely consumed, even though other 
valuable supplementary foods, such as milk, meat and fish, form a considerable 
portion of the diet In In^a, however, where the purchasmg power of the mdivi- 
dual 18 , on the average, extremely low, the diet is usually very deficient m well- 
balanced proteins and other essential food factors The poor quabty of this diet 
IS due to an excessively high consumption of cereals and a low consumption of 
foodstttfis of amnial origm 

Though eggs are generally accepted as bemg eqmvalent m nutntive value 
tn luilk, it 18 surpnsmg to note the disparity in the amount of data available in 
regard to the values of these products There is a large volume of hterature con- 
cermng the value of mdk both for human bemgs and ammals but relatively little 
authentic information concernmg the value of eggs Experimenting upon animals, 
Jlitchell and Carman (1924, 1926) found that the protem of cooked eggs was 
superior to that of all other foodstuffs, even includmg mdk Sumner (1938), 
Sumner, Pierce and ilurlin (1938) and Sumner and Murlm (1938) confirmed the 
superior i alue of egg proteins by experiments on humans, though m the adult 
human, the supenonty was less marked than m young or adult rats By taking 
one egg a day, as a basis of comparison, E.on (1940) assessed the value of eggs 
in human nutrition and compared their nutritive value mth that of milk and 
other protective foods Companng the dietary- value of an egg with that of half 
a pint of milk, he found httle difference m the calories, protein, fat, vitamin A 

( 285 ) 
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vitarQin B and riboflavin content 'WTiile it is true that milk is a better source 
of calcium than eggs, the latter are much richer in vitamin D and in iron, hoth 
of ■which are deficient in milk 

In nutritional experiments with young rats fed on vanous t 3 'pical Indian 
diets, McCarnson (1927) shoved that the nutritive value of these diets ranged 
themselves in the following descending order Sikh, Pathan, Mahratta, Kanarese, 
Bengali and Madrassi More recently, Aykroyd and Krishnan (1937) found that 
the average weekly increase in weight of young rats over a penod of 10 weeks on a 
typical Madrassi diet was 2 8 g , whereas the same diet supplemented with the 
equivalent of an egg a dav (1 5 oz albumin and yolk) gave a -u'cekly increase of 
68 g Whole-milk powder and skimmed-milk powder, when added at the rate 
of 1 5 oz daily, gave average weekly increases of 6 7 g and 7 6 g respectively 

The following investigations have been carried out to determme — 

(1) The number of eggs that should be added to a Bengah village diet to 

produce an optimum rate of growth in rats 

(2) The value of soya beans as a partial replacement of egg supplements 

m a Bengali -^Tllage diet 

The Bengah diet selected •was that of the small agriculturists in the distnct 
of Dinajpur, Bengal, particulars of which, have been taken from a diet survey earned 
out by Mitra (1939) This diet contams only small quantities of pulses, vegetables, 
and fish, together -with an unduly high proportion of nee As the protein content 
of rice IS poor both with regard to quahty and quantity, the ration is very badly 
balanced, its nutritive ratio bemg thirteen, whereas well-balanced diets should 
have a nutritive ratio of seven The composition of this Bengah diet is given m 
Table I The quantities given conespond to the dady mtake m ounces per adult 
man 

Table I 


Bengali viU-age diet {daily intake in ounces) 


Bice 

1 

Pulses 1 

Leafy 

vegetables 

Potatoes 

' Bruijals 

1 

1 

Tarai | 

Mustard 

od 

! Cominon 
salt 

Pish 

26 0 

1 

04 1 

02 

36 

1 

1 76 

1 76 

03 

1 

1 

01 

07 


Experimental 

In all the tests, 2 male and 2 female four-week old rats weie fed on the e'^peri 
mental diets for a period of 10 weeks The sexes were caged separately and t e 
average weights of the males and females m each gioup were comparable at ic 
commencement of each experiment Sufficient food for 3 days for each of ^ 
groups was prepared at each mixing All the food mixtures were cooked for ha 
an hour on the water-bath before feeding in ordei that they should resemble c 
human dietary as closely as possible The rats were fed each afternoon, ® 
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amount fed bemg slightly m excess of appetite The residue was collected each 
morning and at the end of each week the actual amount of food consumed was 
calculated hy subtraction of the total dry weight of the residue from the total weight 
fed Distdled water was given to drmlc and also used for making up the food 
In each experiment one group of rats (2 males and 2 females) was fed on the stock 
diet used m rat experimental work at the Animal Nutrition Research Section of 
this Institute This diet consists of 97 parts whole-wheat flour, 1 part dried 
brewers’ yeast, 1 part common salt and 1 part ground limestone, supplemented 
with separated milk (140 c c per 100 grammes of stock mash) and green grass 
This stock diet, with its protem content of 13 7 to 14 0 per cent on a dry matter 
basis, had been proved very satisfactory under test The rats were weighed 
mdiiudually every week 

In the first senes of experiments, earned out m dupheate the following diets 
were tested out — 


Diet 

number 


Designation 


1 

2 

3 

4 
6 


Stock 

B 

B Ca 
lOOB + 12E 
lOOB + 12E -f Ca 


6 

7 


lOOB + 26E 
lOOB 4- 25E -b Ca 


8 

0 


lOOB + 60E 
lOOB + 60E 4- Ca 


Composition 


Stock mash plus mill and green food 

100 parts Bengab diet 

99 6 parts Bengali diet plus 0 5 parts ground egg shelL 

100 parts Bengab diet pltia 12 parts egg 

100 parts Bengab diet plus 12 parts egg plus 0 6 per cent 
ground egg snell 

100 parts Bengab diet plus 26 parts egg 

100 parts Benrab diet plus 25 parts egg plus 0 6 per cent 
ground egg sneU 

100 parts Bengab diet plus 60 parts egg <. 

100 parts Benrab diet plus 60 parts egg plus 0 5 per cent 
ground egg sbelL 


The chenucal compositions of diets Nos 2 4, 6 and 8 are given in Table 11 
It will be seen from these figures that the Ca P ratios of the Bengab diet and of 
the egg-supplemented Bengab diets are very wide Expermienting upon rats 
Simmonds (1924) recommended a Ca P ratio of 1 0 63 and Bethke and Edgmgton 
(1927) and Bethke (3933) found the best results were obtamed with a range 
between 1 0 55 and 1 1 However, experimental worhers generally agree that 
the possible range of \ iriation depends to a large extent on the vitanun D supplv 
and that, with an abundant supply of vitamm D, rats can thrive on rations with 
wider Ca P ratios than those quoted In the expermients under report, the rats 
were protected against mtamin D deficiency bv exposmg them to the sun for 40 
minutes ei ery alternate morning As the (xilcium contents of ’ e different diets 
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were much lower tlian the recommended figures, supplements of 0 5 per cent ground 
egg-shell were added to diets Nos 3, 5, 7 and 9 The addition of 0 5 per cent of 
the ground egg-shell raised the calcium contents of the diets hy 0 19 per cent 
The calcium-supplemented diets had a Ca P ratio of 1 0 8 


'I’Aimn IT 


Percentage composiUon of experimental diets 


Diet 

1 

j 

1 

3 ! 

s 

Crude protein 

Ether extract 

1 

'a 

<; 

Nitrogen free ex- 
tract 

Nntntno ratio 

i 

tt 

g 

U 

PU 

CD 

& 

Z* 

3 

O 

g 

O 

Q 

Phoaphorus 

j 

! 

A 

c 

0 

t 

Ss 

E5 

rS b 

X 

1 

B 

20 0 

0 0 

1 0 

1 30 

71 7 

12 3 

328 

0 036 

0160 

i 1 

42 

75 

lOOB + 12E 

268 

69 

20 

1 27 

640 

99 

i 309 

0 038 

0163 

1 

43 

93 

lOOB -f 25E 

30 8 

76 

29 

1 24 

57 6 

[ 86 

294 

0 042 

0174 

1 

4 1 

10 0 

lOOB -h 50E 

38 0 

86 

42 

1 20 

48 1 

68 

1 

271 

0 044 

0 190 

1 

43 

13 7 


\ 

As experiment 2 was a repetition of experiment 1 and as the results obtained 
in each experiment were very similar for e-ach of the diets under test, the combuied 
average results of the two experiments are given m Table HI The combined 
growth results of the males and females on each diet arc given m Graphs 1 and 
2 respectively 


Table III 


Protein consumption and growth rate 



Percentage 

AnERAQE WEEKIV INCREASE 
IN WEIGHT (G ) OF THE 
YOUNG EATS DUBINO 

Diet 

10 WEEKS 

’ EXPEBI- 

of protein 
on drj basiH 

HIENTAE 

rBEIOD 

! 

j 


Male 

Female 

i 

B 

76 

33 i 

2-0 

B -f Ca 

76 

40 1 

26 

lOOB -1- 12E 

93 

7 1 i 

48 

lOOB -t- 12E Ca 

93 

1 88 

63 

lOOB -f 25E 

10 8 

i 90 

64 

lOOB -t- 26E -t- Ca 

10 8 

11 1 

70 

lOOB -f 60E 

1 13 7 

12 6 

83 

lOOB -f 60E + Ca 

13 7 

14 6 

, 98 

Stock diet 

13 8 

14 9 

■ 10-0 

1 
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The average v eeMv gams irom 4 to 14 "weekE of 3 3 g and 2 0 g for the male 
and female rats fed on the Bengali diet were much below normal Graphs 1 and 2 


Graph 1 

Combined groicth curves of male rats 
{Experiments 1 and 2 ) 



show that from ^ to 14 weeks the growth cun es remamed practically horizontal 
for both sexes fed on the Bengali diet The B + Ca diet was only shghtly 
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superior to tliat of the B diet The addition of 12 parts egg to the Bengab 
diet resulted in a marked improvement in the growth curve, for the average 
weekly gains made by the males and females were 7 1 g and 4 8 g respectively 
The addition of 25 parts egg raised the average weekly gains to 9 0 g and 6 4 g 
respectively The average weekly increases in weiglit of the male and female 
rats on the lOOB + 50E diet were 12 6 g and 8 3 g respectively The 

\ 

Graph 2 

Oonibiiied grcnoth curves of fe7nale rats 


{Experiments 1 and 2 ) 



supplements of ground egg-shell, though of little value in the case of the Benga i 
diet, had a very beneficial influence on the egg-supplemented diets In the case 
of lOOB -j- 12E + Ca diet, the average weekly mcreases were almost as 
in the lOOB + 26E diet The weekly weights of the rats on the lOOB + 

Ca diet were practically the same at each weekly weighmg as those o 
rats on the control diet 
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The rats m experiment 1 were mamtamed m the laboratory on the same 
diets for another 6 weeks after the completion of the experiment proper Durmg 
this period, the rats on all the diets except the Bengali diet remamed healthy but 
those on the latter diet all began to show an abnormal eve condition from 12 weeks 
onwards The eyes first became mflamed, later the cornece became opaque and 
eventually the animals were bhnd Two rats each from the control group, the 
B group and lOOB + 50E group were killed at 16 weeks and their bvers quantita- 
tively tested for vitamin A No vitamm A was found m the fivers of the rats fed 
on the Bengali diet, whereas the rats fed on the other two diets had each an average 
of 25 blue umts of vitamm A per g of fiver Four out of the total of 16 rats fed 
on the Bengali diet and the Bengali diet pivs egg-sheU had abnormal swelfings m 
the sub-maxillary gland, whereas no such condition v as noticed m any of the rats 
from the other groups 

Table IV has been calculated on the basis of Aykrovd’s (1938) Indian standards 
for chddren from 6 to 9 vears The table gives the amounts of the different diets 
that would have to be consumed daily to give a daily protem mtake of 60 g Based 
on these figures, the dady food consumption of the Bengali diet is excessively high, 
for 1,000 g food supply yields an energy value of 2,972 calories, whereas the 
recommended figures for a child of 6 to 9 years are only 1,300 to 1,600 calones 
The calorific value for the 2 diets, lOOB -f- 12B and lOOB + 25E, are also con- 
siderably higher than normal requirements, while the lOOB -k 60E diet is in fairly 
close agreement with Aykroyd’s figures The table also gives the number of eggs, 
each with mternal contents (white -j- yolk) weighmg 45 g tliat would have to be 
fed along with the various egg diets to give a dady consumption of 60 g protem 

Table IV 


GaJonfic values and number of eggs consumed to give 
a daily prolein infale of 60 g 


Name of diet 

Consumption 
m g 

I Calones 

Number of eggs 
required 

B 

1,000 

1 2,672 


lOOB + 12E 

869 

I 2,444 ' 

21 

lOOB -t- 25E 

800 

J 2,132 

36 

lOOB + 60E 

700 

1,747 

62 


Though the results vith the lOOB -fi 50E diet can be considered very satis- 
factory as regards growth rates, it is necessary to remember that eggs are relativel} 
expensive and that the ordinary 'vdlnger is too poor to purchase 5 eggs dady for 
each member of his household Even were he to keep fowls to increase his 
purchasing power, he would undoubtedly prefer to sell his produce m order to 
increase his cash income Also, though the addition of ground egg-sheU to the 
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various egg-supplemented diets proved beneficial, it is unlikely that such a type 
of supplement would be readily adopted by human beings, even though the 
palatability of the food was not unduly altered 

In the second series of experiments, it vas decided to trv out the suhstitntiou 
of vanous levels of soya beans for the egg supplements Soya beans vere selected 
in preference to other vegetable protein supplements, as it is generally accepted 
that their proteins have a higher biological value than those from other vegetable 
sources In China, the soya bean is very widely used as a substitute for con’s 
milk and its use in other countries, both m the diets of the man and the animal, 
has been considerably extended m recent years Moreover, soya beans are ncher 
in calcium than most other pulses Adolph and Cheu (1932), from calcium balance 
studies, found that cow’s milk and soya bean curd were equally effective in 
supplying calcium in the Chinese diet 

Two identical experiments (experiments 3 and 4) were carried out to luvesti 
gate the value of soya beans In these, the standard stock diets were agnin used 
as controls and the protein levels of all the supplemented diets were kept constant 
Except in the case of the control fed groups, parallel groups v ere fed each of the 
diets along with 0 6 per cent ground egg-shell Details of the diets used are give" 
below — 


Composition 


100 parts Bengali diet 

99 6 parts Bengab diet phis 0 6 parts egg shell 

84 2 parts Bengali diet phis 16 8 parts soya 

84 2 parts Bengali diet plus 16 8 parts soya plus 0 B pef 
1 cent egg shell 

j 88 2 parts (100 parts Bengali diet plus 12 parts egg) 

I 118 parts soya 

88 2 parts (100 parts Bengali diet plus 12 mrts egg) 
I 118 parts soya plus 0 6 per cent egg shell 

[ 92 7 parts (100 parts Bengali diet plus 25 parts egg) 
j plus 7 3 parts soya 

92 7 ports (100 parts Bengab diet plus 25 parts egg) 
plus 7 3 parts soya plus 0 6 per cent egg shell 

100 parts Bengali diet plus 60 parts egg 

100 parts Bengali diet plus 50 parts egg plus 0 6 per eent 
egg shell 

Stock mash plus milk and green food 


nuXr Designation 


10 

B 





11 

B -f- Co 





12 

B -f- S 





13 

I 

B -f- S 4- Ca 




14 { 

lOOB -1- 

12E 

-t- 

S 


16 

lOOB + 

12E 


s + 

Ca 

10 

lOOB + 

26E 

4- 

s 


17 

lOOB -f 

26E 

4- 

s 4- 

Co 

18 

1 lOOB + 

\ 

60E 




If 

1 

, lOOB -f- 

50E 

4- 

Ca 


20 

Stock 
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Table V gives the composition of the new experimental diets Nos 12 14, 
and 16 — 


Table V 


Percentage composition of diets 


Diet, 

Moisture 

Crude protein 

O 

i £ 

o 

u 

o 

M 

w 

Ash 

Nitrogen free o\ 
tract 

Nutritive ratio 

Calories per 100 g 

Calcium 

Phosphorus 

i 

PM 

d 

O 

Crude protein on 
dry basis. 

B + S 

18 6 ' 

11 2 

36 

1 86 

64-9 

66 

348 

0 09 

024 

1 

264 

13 7 

lOOB + 12E + S 

22 6 

10 7 

37 

1 68 

61 4 

66 

330 

0 08 

023 

1 

2 87 

13 8 

lOOB + 26E + S 

280 

98 

39 

1 60 

66 6 

66 

306 ' 

0 07 

0 21 

1 

3-00 

13 8 


As experiments 3 and 4 gave very similar results, the growth results from 4 to 
14 weeks have been combined and the data obtained tabulated (Table VI) 
Graphs 3 and 4 give the average growth curves of the male and female rats fed 
on the 7 different rations — 

Table VI 


o Protein consumption and growth rate 


1 

Diet 

1 

1 

I 

Percentage 
of protein 
on drv basio 

Av'EBAOE WEEKLl DtCREASr 
IN WEIQHT (g ) OF TITE 
lOUNG KATS DOTING 10 
weeks’ experimental 
PERIOD 

MbIo ' Female 

B 1 

75 

1 

32 

20 

B + Ca j 

1 75 

3 9 I 

23 

B + S 

1 13 7 : 

7 7 

64 

B S -1“ Co. ' 

1 13 7 

79 , 

6 1 

lOOB + 12F + S 

1 13 8 

12 1 ; 

79 

lOOB + 12E + S + Ca 

13 8 

12 2 J 

8 1 

lOOB + 26E + S 

j 13 8 

12-9 

87 

lOOB + 25E + S + Ca 

1 13 8 

i 12 8 

88 

lOOB + 60E 

! 13 7 

12 6 

86 

lOOB + 50E + Ca 

13 7 

13 8 , 

94 

Stock 

13 8 

13-9 

1 

9-0 


Body-weight in grammes. 
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As m experiments 1 and 2, the average weekly gams of the male and female 
rats from 4 to 14 weeks on the Bengali diet were much below normal The growth 


Graph 3. 

Combined grotvth curves of male rats. 
[Experiments 3 and 4.) 



Age m weeks. 

figures for the Bengah dietpZws egg-shell were again only slightly better 
for the Bengah diet The addition of soya beans to the Bengah diet resu e 



Body-weight in grammes 
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a marked, improvement in the rate of growth The average weekly gams made 
by the rats on the Bengali diet plus soya beans were, however, very much less than 
those obtained with the lOOB + 50E diet The male and female rats on the 
lOOB -h 25E + S diet made gams in weight similar to those on the lOOB 60E 
diet The results obtained with the rats on the lOOB + 12E + S diet were 


Gkaph 4 

Combined growth curves of female rats 


{Experiments 3 and 4 ) 



4 5 6 7 6 9 lO 11 la 13 14 


Age m weeks 


only slightly inferior to those obtained with the diets contammg higher 
proportions of egg The addition of 0 5 per cent egg-shell to the lOOB SOB 
diet again proved beneficial The addition of 0 5 per cent egg-shell did not 
pro\ e of any material value m the case of any of the rations supplemented with 
soya beans 

J, MB 


8 
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Table VII gives the weight of each ration that would have to be consumed to 
give a daily intake of 60 g protein It also gives the number of calories that would 
be consumed daily and the number of eggs and the weight of the soya beans that 
would have to be used to supplement the different rations — 


Table VII 


Calorific value, number of eggs and consumjihon of soya bean 
to give a daily intake of GO g 'protein 


Name of diet 

Consumption 
m g 

Calones 

Number 
of eggs 
required 

Soya bean 
required m g 

B -f S 

636 

1,866 


86 

B -t 12E + S 

661 

1,860 

12 

66 

B + 26E q- S 

612 

1,871 

26 

46 


Based on Aykroyd’s standards for children from 6 to 9 years, the three die 
B + S, B + 12E + S and B + 25E + S supply the necessary dady protem o 
60 g without an unnecessarily high food 'consumption 


Discussioif 

In all four experiments with rats, the Bengah diet gave very poor 
results Moreover, general health was poor and 4 out of a total of 16 rats e on 
this diet showed marked swelling of the sub-maxillary glands " Four rats 
on the Bengali diet plus egg-shell also showed similar swellmgs As none o 
rats on the other diets showed glandular enlargement, it is apparent tha 
Bengali diet was deficient in some factor necessary for the prevention of this con^ 
dition Furthermore, as the rats on the Bengali diet from 4 to 20 weeks wer^ 
typical cases of vitamin A deficiency and as the hvers of these rats showed ^ 

absence of vitamin A, it is more than probable that the gland sweUmgs v ere 
to a lack of this vitamin, which is known to be nefcessary as a safeguard agai ^ 
certam infections The occurrence of vitamin A deficiency m the rats er 
prolonged period on the Bengali diet is of considerable interest in that it corro 
the bebef that night-blindness is of very frequent occurrence amongst vi ag 
in Bengal 


With eggs as the sole supplement to the Bengah diet, the best resu 
obtained with the lOOB + 50E diet However, the lOOB -k ROE diet w^as 
deficient in calcium and results, equal to those achieved with the contro 
were only obtained by the addition of 0 5 per cent ground egg-shell Thoug 
lOOB -k ROE -k Ca appears to be very satisfactory from the nutritional stan 
for children, it cannot be regarded as a practical diet for it is most unlikely 
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human subjects could be induced to supplement theix diet with calcium m the 
form of egg-shell or other inorgamc substances furthermore, to satisfy the 
necessary requirements for growth and maintenance m children from 6 to 9 years, 
it would be necessary to consume 6 2 eggs daily (internal conteni; 46 g ) , an amount 
which would be much too costly for the majority of the population 

In the second senes of experiments, the lOOB -f 25E + S diet gave shghtly 
better final results than the lOOB 60E diet As the lOOB 25E S diet only 
requires to be supplemented with 2 5 eggs and 45 g soya beans daily, this ration 
18 considerably more economical than the lOOB 60E diet However, though the 
lOOB 12E + S diet proved somewhat inferior to the lOOB -f- 60Eiiiet, the results 
may be considered fauly satisfactory for young rats for their general health and 
condition remamed reasonably good throughout From the human standpoint, 
the lOOB -h 12E + S diet may be considered fauly satisfactory from the economic 
aspect, for the necessary reqmrements for children from 6 to 9 years can be supphed 
by the Bengab diet plus 1 2 eggs and 66 g of soya beans daily 


CONOLUSIONS 

1 Very unsatisfactory growth rates and poor general health were obtamed 
m young rats fed on a typical Bengab village diet 

2 The Bengab diet, even when supplemented with calcium m the form of 
egg-shell, still remamed deficient m proteins and vitamins 

3 Supplements of egg to the Bengab diet had a very beneficial influence on 
the rate of growth and general health 

4 The addition of calcium m the form of egg-sheU to the egg-supplemented 
Bengab diet improved the growth rate 

5 Supplements of soya beans, though beneflcial, proved markedly inferior 
to supplements of eggs 

6 Supplements of soya beans plus eggs were snpenor to supplements of soya 
beans only 

7 Addition of calcium m the form of egg-sheU to the vanous soya bean- 
supplemented diets had no beneficial effect 

8 From the piuely econonuc aspect of human nutrition, eggs as the sole 
protem supplement are too costly 

9 From the nutritional aspect, a Bengab viUage diet in conjunction with 
a daily supplement of 1 2 eggs and 66 g soya beans appeared to satisfy the dietary 
requuements of children :&om 6 to 9 years of age 
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{From the Nvtntton Scheme, Pubhc Health Laboratories, Banhpur, Patna ) 


[Eeceived for pubboation, December 31, 1941 ] 


Introduction 

In continuation of investigations which have ahready been reported (Mitra, 
1938 , Mitra, Mittra and Roy, 1940 , Mitra and Mittra, 1941) on the composition 
of foodstuffs m use in Bihar, the results of the examination of a further senes of 
80 items are now presented These include manv not previously examined and 
along with the results recorded by other workers, mcludmg the recent puhhca- 
tions of Saha and Ghosh (1941) and Rattan and Sen (1941), wdl help towards 
completmg tables of food values which are required by those engaged m diet 
survey and other nutntion work m India 


Experimental 

The techmque descnbed m a previous pubhcation by the semor author (Mitra 
foe ci< ) has been followed and the analysis of iron has been left out on account of 
extreme vanabdity of available iron reported m different groups of foodstuffs by 
Ranganathan (1938) Special precaution was taken to analyse the foodstuffs in 
as fresh a state as possible 'Whenever the foodstuffs were procured from rural 
areas m distant places within the provmce they vere brought to the laboratory 
in an ice-chest by one of the laboratory attendants and analysis earned out without 
the least possible delay 
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■s 

s 

o 

T 

w 


3 ‘ojqg optug 

100 

1 90 

176 

2 12 

1 61 

1 03 

1 41 

1 01 

10 lO 

3 ‘siuoqdBoqj; 

0 029 

0101 

0 015 

0 043 

0 080 

0 054 

0 020 

0 044 

0 074 

0 060 

0 124 

3 'tumopiQ 

0 020 

0 003 

0 020 

0 516 

0 231 

0 417 

0 0S5 

0 100 

0 311 

0 060 

1 485 

3 ‘jaicjTini {■Djourj^ 

0 72 

1 00 

0 40 

1 79 

2 30 

1 08 

1 73 

2 05 

3 13 

1 21 

8 48 

3 ‘so^pjjpjCijoqjDQ 

1 80 

89 00 

10 09 

7 00 

8 40 

6 41 

4 77 

3 26 

0 32 

4 24 

60 87 

3 ‘saAiqounxo Joq^g; 

0 30 

0 10 

0 03 

1 67 

1 17 

0 84 

0 46 

0 00 

0 38 

0 62 

3 00 

3 ‘ma^ojj 

1 81 

0 66 

0 37 

344 

3 30 

6 02 

0 62 

2 09 

3 41 

1 1 31 

8 04 

3 ‘0jn}Btoj(r 

94 25 

8 74 

82 61 

84 18 

83 02 

84 93 

91 02 

90 02 

86 35 

01 71 

8 91 

Latin name 

1 1 e 5 1 

c i i 1 i 1 8 

§ 'i’ ‘ 1 i 1 i M ^ 

go gg ^”^25 

-is 

i 1 * I o 1 1 1 S C 

'll* iiiSlili 

C|J 

Hindi or local name , , 

of the foodstuff English name 

1 

1 

1 Tender bamboo shoots 
j (fermented) 

1 Cane gurh 

Cane juice 

Wild mustard 

Fetid cassia 

Purslane 

Love hes bleedmg 

i 

1 

1 Dnod tender tamarind 
shoots 

Fruits — conld 

Konl 

Ukh ka gurh 

Ukh ka ras j 

Vegetables (lbape 
type) 

1 

Alti or arm sag j 

Belaigon sag j 

Chakwar or Chakonda ' 
sag 

Chiura sag 

Gendhri sag 

Gogta sag 

Gulohami 

1 Imll (lupu) 

J9<lTimn "[BUgg 

' 

30 

31 

32 

33 

34 

36 

30 

37 

38 

30 

40 
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Discussion 

Gram foods — Amongst the gram foods analysed the seeds of roselle deserve 
special mention as being rich in protein and mineral matter The seeds are baked 
over hot sand and consumed raw with other parched grains hy the comparativelj’ 
poorer sections of the population 

Flesh foods — Ghonghi, a small variety of snail, is very rich m calcium and 
being poor in fat is often prescribed by village doctors for children with debcate 
stomachs It is consumed mostly by people of the lower social strata Eed ant^ 
with eggs are a favourite food of aborigmal children and are consumed m raw state 
(at times baked over a fire) The^^e are sold m almost aU the ‘ hatias ’ (weekly 
markets) in Chotanagpur and there is a great demand for them 

Fruits — ^Bastard hchis are not grown m this provmce and the sample was 
procured from Calcutta Except gulab jamun, yamrool, fresh alubokhara and 
saftalu, aU the other fruits included in the Table are sold very cheaply or else are 
available in plenty in orchards and jungles within the province Fruits compara- 
tively rich in calcium are banyan figs, mulchhan (frmts of bakul tree), figs of 
pipal tree, sirka and the orange calyx of marking nut 

Leafy vegetables — Amongst the fresh leafy vegetables analysed, arm sag 
(colocasia leaves) was found to be the richest source of calcium (615 mg /lOO g ), 
whereas khapra sag gave the lowest figure (66 mg /lOO g ) The abongmal and 
semi-abongmal people in Chotanagpur dry leafy vegetables (lupu) and consume 
them in seasons of scarcity 

Root vegetables — Of the eleven lands of tubers analysed usungid {Htbisciis 
cancellaligs) and turum sanga {Curculigo orchioides Gsertn ) were found to be 
unusually rich m calcium 

Other vegetables — The seeds of lama pods are nch in fat and to a certam extent 
m mineral matter The pods of radish also deserve mention on account of their 
high calcium content The various tubers analysed are consumed very largely 
by the different aboriginal tribes in Chotanagpur during seasons of scarcity 

Summahy 

Four lands of gram foods, 6 of flesh foods, 22 of frmts, 27 of leafy vegetable, 
11 of roots and tubers (vegetables), 6 of other vegetables and 4 of n^ 
products have been chemically analysed to determine their respective looc 
values 
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STUDIES IN HIBIAN NUTRITION 

Part IV 

AVAILABILITY OF CALCIDM INGESTED IN THE PEOCESS OF 
CHEVTING BETEL-LEAVES WITH LIME 

BY 
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{An Inquiry under the Indian Besearch Fund, Association ) 
{From the Biochemical Laboratory, Dacca University ) 

[Received for publication, December 31, 1941 ] 


Metabouo studies on human beings earned out in this Laboratory (Basu 
et al , 1941) have shoira that Indian dietanes without milh are extremely 
deficient m calcium, and that this deficiency can be removed by supplementing 
them with at least 10 oz of milk per day Milk and milk products are by far the 
richest, but at the same time the most costly, sources of food calcium The 
consumption of dairy products m any country depends upon the economic con- 
dition of the people (Orr, 1937 , Wilson et al , 1936, 1937, 1938) and increases or 
decreases almost directly with the level of mcome The question of the provision 
of an adequate quantitj of calcium m dietanes is thus much more important in the 
case of the poor than anybody else, its acuteness mcreasmg with that of poverti 
In view of the po\ erty of the large majonty of the population m India, where per 
capita production and consumption of milk is only 7 oz per day as compared with 
35 oz m many other countnes (Wnght, 1937) it is essential that, besides encouragmg 
the production of more radk, some very cheap but nch sources of a\ adable calcium 
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should be sought whiclr may be a substitute for milk as far as the requirement of 
calcium IS concerned 

Aykroyd and Krishnan (1937) suggested the use of calcium lactate We on 
the other hand have been on the look out for foodstufis rich in calcium and also 
for food habits which would ensure the intake of sufficient available calcium at a 
very httle cost It was thought that the habit of chewmg betel-leaves with hme, 
betel-nuts and catechu after meals— a very popular habit in India, specially among 
rural populations — might provide a fair amount of available calciuiq A good 
amount of calcium is mgested in this process and it costs only about 2 to 4 pies dady 
for a family of six Aykroyd (1937) and Wilson and Mitra (1938) commented on this 
habit and pointed out that it increases the intake of calcium But nothmg is 
known as yet about the utilization of calcium from this source Aykroyd 
(loc cit ) remarked that ‘ at present we have no precise knowledge of the value 
to the body of calcium consumed m this manner ’ The aim of the present 
mvestigation was to study the absorption and utilization of calcium ingested 
in the process of chewing betel-leaves with hme and other mgredients by duect 
metabohc experiments on human subjects 

Experimental 

Experiments were conducted on five young healthy adults, of ages ranging 
between 20 and 34 years and body-weights between 45 and 60 kilos They were 
fed on typical nee or wheat diets whose composition has been described m a previous 
commumcation (Basu et al , 1941) for six days The chewmg of betel-leaves with 
hme, betel-nuts and cabechu after meals was then presenbed and the experiments 
were contmued for another six days Bach period mcluded three consecutive days 
and only the mean of the daily analytical figiues for each period is presented in 
Tables I and 11 The chronological order of the experimental penods is denoted 
by arithmetical numbers and the penods which do not figure m the table must bo 
assumed to be the preliminary penods Techmque and analytical methods 
were similar to those used m previous investigations from this Laborator 
(Basu ^ "h 1939) ^ 

Table I 


Metabolism on nee diet 
i 


1 

1 

1 

I 

Penod 

Dietary ’ 
Ca per ^ 
day 

(mg) 

Dietary 

Ca/P 

Urinary 
Ca per 
day 

(mg) 

Fmcal 
Ca per 
day 
(mg) 


P-2 

200 

1/8 4 

17 

194 

' 3 

etc 

P4 

390 

1/4 3 

19 

200 
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Subject 

1 

1 

1 Diet 

1 

Period 

Dietary 1 
Ca per ' 
day 
(mg ) 

Dietar\ 

Ca/P 

1 

Unnary 
Ca per 
day 

(mg ) , 

Frecal 1 
Ca per 1 
day 
(mg) 

Balance 

(mg) 

r 

Rice fish diet ^ 

P 2 

310 

1/5 9 

26 

610 

-226 

PCD - 

Rice fieb diet 
' -p 0 betel 
leave s, 

' lime, etc 

1 

P 3 

1 

G56 j 

1 

1 


78 

700 

1 

1 

-122 


Do 

P-4 ' 

027 


70 

638 

+ 19 


1 Do 

t 

Average 
of P3 
and P 4 

1 042 

1 

1/2 8 

74 

1 

019 

-61 


Rice flab diet 

P 2 

299 1 

1/4 7 

96 

1 

263 

-60 

S G P • 

j Rice fish diet 

1 + 6 betel 

leaves, 

1 lime, etc 

P3 

589 1 


100 

1 

340 

+83 


1 Do 

P-4 

77b 


1 181 

348 

+ 247 


Do 

Aierage 
of P 3 
and P-4 

j 083 

1 

1 1/2 1 

1 

171 

1 

347 

1 

+ 165 

1 




Table 11 





Mclabohsm 

on whole-wheat (atta) diet 



Subject 

1 

Diet 

1 

Penod 

Djetaiy 
Ca per ' 
da^ 
(mg) 

Dietary 

Carp 

1 

1 

Unnary 
Ca jier 
' day 

' (mg) 

Ftcoal 
( Ca per 
day 

(mg) 

1 Balance 
(mg) 

1 


1 

Wheat diet 

P 2 

380 

! IMG 

25 

410 

—65 

PCD 

Wheat diet + 
G betel- 
leave", 
lime etc 

P 3 

058 

1 

1 

40 

1 614 

1 

1 

+ 104 


Do 

P-4 

755 

1 

46 

624 

1 +85 


Do 

A\ emRe 
' of P-3 
and P-4 

707 

1/2 5 

43 

1 609 

1 

1 +95 

i 

1 

i 


a, MR 


9 
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Table II — condd 


bubjcct 

Diet 

1 Period 

i 

1 

1 Dietary 
Ca per 

1 day 

(mg) 

Dietary 

Ca/P 

Urinary 
Ca per 
day 

(mg) 

Fa, cal 
Ca per 
day 
(mg) 

Balance 

(mg) 



Wheat diet 

t 

P-2 

1 

416 

1/4 7 

33 

1 440 

-68 

P C G . 


Wheat diet -p 
G betel- 
leaves, 
hme, etc 

P 3 

t 

819 

1 


72 

300 

4-447 



Do 

, P 4 

i 805 


71 

000 

+128 



Do 

1 

Averai'o 
of P 3 
and P-4 

1 

1 812 

1 

1 

1/2 4 

72 

463 

+287 



\^Tieat diet 

P 2 

1 

, 340 


! 

14 

321 

+ 6 

GOD . 

1 

Wheat diet + 

6 betel- 
leaves, 
hme, etc 

P-3 

710 

1 

1 

) 

I 

t 

1 

1 

31 

COO 

+79 


, Do 

P 4 

j 801 

1 

33 

636 

+232 


Do 

( 

Average 
of P-3 
and P-4 

1 755 

1 


32 

1 

608 

+ 166 


Discussion 

The results show that calcium ingested m tlie process of hetel-leaf chewing 
with lime etc , not only mcreased the mtake of calcium and made the ratio o 
calcium to phosphorus m the diet more favourable for absorption and utihzation, 
but was also retamed by the subjects to a considerable extent In fact, d the 
metabohc data recorded here are compared with those m the precedmg pap^i 
(Basu et al , 1941), it will be found that the amount and the utilization of calcium 
ingested with 6 betel-leaves was similar to that from 10 oz of cow’s milk Hence, 
it can be concluded that calcium from this source is a very cheap substitute for 
rmlk calcium 

The metabolism of phosphorus was also studied along with that of calciMi 
The subjects were always m positive phosphorus balance which was not distur e 
by the admimstration of extra calcium with betel-leaves 
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SUJUIAHT 

Calcium mgested m the process of chewing of betel-leaves with hme, betel- 
nuts and catechu — a very popular habit m India — is well absorbed and utilized, 
and thus can well meet the deficiency of calcium m normal dietaries 
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BY 
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AND 

K V GIRI 

{From the Biochemical and Pharmaceutical Laboratories, Andhra University, 

Waltair ) 


[Received for pnbbcation, December 31, 1941 ] 

Eish constitutes a very important source of food Although some miportant 
•work was earned out m India on the nutritive value of fish mth respect to the 
vita min A content of hver oils, and their content of mmerals and protems, very 
little -work has been reported regarding the mcotimc-acid (antipellagra -vitamm) 
content of fish except that of Saha (1941) on Bengal fish w^hich ivas published 
recently during the course of our ivork No systematic mvestigation has, however, 
been made on the food value of fish available m coastal waters of Waltair The 
work reported in this paper w'as undertaken as a part of a detailed inquiry on 
the food value of fish which constitute a very important source of food in the 
Northern Circars The present paper relates to the mcotimc-acid content of the 
muscle tissue of various species of fish and other marine products 

Experimental 

Collection of material — ^The fish were obtaiued fresh from the Goiernment 
Fidi Curing Yard, Lawson’s Bay, and the muscle tissue which forms the edible 

( 315 ) 
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portion of j the fish was removed and finely minced The fine tissue pulp ivas 
directly used for the determination of mcotimc acid 

Method of estimation of mcotimc acid — The method for the determination of 
the mcotimc-acid content followed in the present investigation was the adsorption 
method developed by Gin and Naganna (194:1a, h) 

Ten grammes of the finely inmced fish-muscle tissues were extracted vuth 
water as descnbed before (Giri and Naganna, 1941&) and the total volume of the 
extract, which amounted to about 50 ml to 60 ml , was subjected to hydrolysis 
with sodium hydroxide m order to convert the mcotmamide present in the extract 
into mcotimc acid In the case of some fish, which contam more fat m then muscle 
and liver, clear extracts can be obtained by keeping m the refrigerator for some 
tune before centnfugmg The hydrolysed extract was then neutralized and tie 
mcotimc acid was adsorbed on medicinal charcoal The charcoal adsorbate was 
eluted with alcohol-sodium hydroxide mixture and the eluate was neutralized and 
adjusted to pH 5 6 A perfectly colourless extract was obtamed by this procedure 
The total volume of the eluate was always kept withm 25 ml Five ml or 10 ml 
of the eluate was taken m a 25-nil glass-stoppered graduated cylmder and 5 ml 
of M/5 acetate bufier (pH 5 6) were added, and the colour produced by adding 
the reagents cyanogen broimde and p-ammoacetophenone accordmg to the 
procedure descnbed previously (Gm and Naganna, 19416), was measured 
colonmetncaUy agamst a standard similarly treated 

Occasionally turbidity develops when the bufier is added to the eluate, and 
this may be a source of serious error Turbidity can be easily removed or prevented 
either by addmg a few drops of absolute alcohol until it disappears, or by takmg 
10 ml of the eluate instead of 5 ml for estimation 

The Table summarizes data which have been obtamed on a number of food 
fishes The values given are the average obtamed by two estimations — 

Table 


The mcotimc acid content of fish 


Number 

Common name 

Local name 

Zoological name 

Nicotmio acid, 
mg per 100 g 
of Iresh muscle 
tissue 

1 

Seer 

Vanjaram 

Scomberoniorus Spp 

12 

2 

Shark 

Sorra 


26 

3 

Jew fish 

Qorasalu 

Sctcentdm 

0 03 

4 

Horse mackerel 

Para 

Garanx Spp 

29 

6 

Ribbon fish 

Savalln 

Trichinnis haumeta 

21 
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Table — concZi 


Nnmljer 

t 

1 

Common name 1 

1 

1 

1 

Local name 

1 

Zoological name ^ 

1 

1 

Nieotinio aoid, 
mg per 100 g 
of fresh muscle 
tissue 

0 

Cat fish 

Jellalu 

1 SiUindm 

25 

7 


Golvmdalii 


23 

8 


Barai Ma*ta 

Saunda liimbil j 

i 29 

1 

9 

Hilsa 

Pula sain 

Eilsa tltaha 

47 

10 

Pomfirets 

Chanduva 

Slromalevs Spp 

26 

11 

' Silver helliea 

Karalu 

Letognalhvs Spp | 

29 

12 

1 White bait 

NethaHii 

Slolephorus Spp 

23 

13 

' ilulleta 

[ Bonthalu 

M^tgd Spp 

26 

14 

' Sabre fish 

MuUuvalava 

ChxToUTilrus dorrth 

1 3 5 

15 

PoUona 

Engallu 

PelloTia Spp 

' 3 6 

10 

' Sardines 

Kavallu 

SardineUa fimbnafa 

26 

17 


Sudnmullu 


I 2 2 

18 

Prawns 

1 Royyaltt 


48 

19 

Crabs 

^ Peethaln 


1 3 1 

20 

j Cuttle fish 

1 Kahbmda 

‘ Septa Spp 

! 29 

1 

1 

Mg per 100 g of 
fresh Iner 


Seer 

Yonjaram 

Scomberomorus Spp 

1 34 


Shark 

Sorro 


32 


Discussion 

A compaTison oi this Table of results with one dealing with the common fish 
of Bengal (Saha, \oc cit ) shows that the nicotimc acid content of Bengal fish is 
considerably lower than the values obtained in the present investigation. Salia 
reported values ranging from 0 32 mg to 1 02 mg per 100 g of fresh fish-muscle 
tissue, and among the 20 fish analvsed, all except two contained less than 
I 0 rag nicotinic acid per 100 g of fresh tissue It is thus clear from the results 
obtained on Bengal fish that thev are poor sources of the vitamin On the other 
liaml, Koilicek (1910) from Cambridge reported higher values for the fish 
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investigated salmon 8 4 mg, herrmg 4 0 mg and cod 3 0 rag , per 100 g of 
tissue, and Leong (1940) from Singapore reported that the mcotimc-acid content 
of salmon was about the same as that of meat and that two other species of fisli 
available in Singapore were found to give much lower values (aryan 0 6 ing and 
pomfret 0 9 mg per 100 g ) 

We are led to infer from our investigation that the value for the racotinic 
acid content of the majority of fish investigated is of the same order as that of 
mammahan muscle tissue (Gm and Nnganna, 19416) Except in two cases, the 
values obtamed for the fish v ere always greater than 2 0 mg per 100 g The low 
values obtained by Saha (loc cit ) may be attributed to the fact that the fish 
analysed m Bengal were mainly fresb-water fish The mcotmic-acid content of 
the liver of fish is not as great as that of the livers of animals Another 
interesting point emerging out of the present investigation is that prawns and 
crabs are good sources of the vitamin, which can be compared to beef loth 
regard to their vitamm potency 

Since fish is a comparativelv cheap article of a diet than meat, eggs and nnlk, 
particularly in coastal towns like Vizagapatam and Waltair, it constitutes a 
cheaper source of the vitamin for the poorer classes A free use of fish and 
prawns in the diet, therefore, contributes materially to the mcotimc-ncid 
requirements 

Summary. 

The mcotimc-acid content of a large number of econoimcally important food 
fishes in the Northern Circars has been determmed by the adsorption method 
described by Gm and Naganna The mcotmic-acid content of the majonty of 
fishes ranged from 2 mg to 4 mg per 100 g of the muscle tissue The fish are, 
therefore, as good sources of the vitamin as beef and other mammahan muscle 
tissue Prawns and crabs are also good sources of the ntaimn 
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Introduction 

SiDDiQui and Siddiqui (1931), tvorking on the chemistry of Rauicolfia 
serpentina Benth , isolated an alkaloid from the root knonn as ajnialine Chopra 
Gupta and Mukherjee (1933), tvhde studying the general pharmacological action 
of this alkaloid and of the alcoholic extract from R serpentina found 
hypotensive and sedatn e properties in them Since then, much clinical data hat e 
been collected which justify the use of the extract m essential hypertension 
Later on, two more alkaloids, namely serpentine and serpentmine were isolated 
by Siddiqui and Siddiqui (1932) and also in the Department of Chemistry of tins 
Institution A prelimmary study of the relative toxicity and pressor effects of 
these three alkaloids was conducted by Chopra and Chakraiarti (1941) A 
comparative study of the pharmacological actions of the three active principles 
so far isolated as well as the action of the total alkaloids has been attempted in 
this paper Tlie mechanism of action in each case has also been in\ estigated 

( 319 ) 
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Experimental 

In all experiments hydrochloride salts of the alkaloids, which are easily soluble 
in water, weie used 


General pharmacology 

1 Carotid pressure — ^Ajmaline, in doses of 1 mg /kg to 2 mg /kg body- 
weight, usually produced a slight nse in blood pressure (10 mm to 16 mm Hg) 
Smaller doses were inthout any effect and larger doses occasionajly produced a 
moderate fall of blood pressure (not evceedmg 10 mm Hg) Serpentinine like 
ajmakne was also found to bring about a use in carotid pressure Serpentine, 
total alkaloids and the crude extract of Manwolfa, however in identical doses, 
produced a defimte fall Plate X, figs 1 to 4 show the results obtained vith 
ajmalme, serpentine, serpentinine and total alkaloids on carotid blood pressure 
in chloral osed cats The maximum effect was obsenmd with serpentme, vherc 
a fall of 30 mm to 40 mm Hg was frequently noticed The total alkaloids, in 
identical dosage, were less active than serpentme and its action was also less 
persistent A mixture of ajmahne, serpentme and serpentinine m proporfaons 
obtainable m their natural state in the root (0 1, 0 08 and 0 008 per cent 
respectively) also lowered the carotid pressure, hut the hydrochloride of the total 
alkaloids, from which ajmahne, serpentine and serpentmine were removed, vns 
found to be devoid of any pressor actinty 

2 Myocai diogi aphy — ^Myocardiographic tracmgs of cat’s heart tn situ 
revealed that ajmahne and serpentimne in 2 mg /kg doses depressed the 
amphtude of the auricular and ventricular contractions Serpentine and the 
total alkaloids, on the other hand, produced a defimte stimulation 

3 Isolated heart perfusion — ^With a concentration of 1 m 200,000 the kitten 
heart was stimulated by serpentme, serpentinine and the total alkaloids , ajmaline, 
on the other hand, depressed this organ 

4 Intra-tracheal pressure — In 2 mg /kg doses ajmahne, serpentinine and 
serpentine mcreased the amplitude of the respiratory movements This vas soon 
followed by some depression but the rhythm remamed unaffected 

5 Organ volume — (o) Spl-een Alteration m the spleen volume was found 
to be intimately related to the blood pressure changes in cats Splenic dilatation 
was observed when there was a fall of carotid pressure from serpentine 
and the total alkaloids A contraction of the spleen volume was notice 
with the pressor effects of ajmahne and serpentimne (b) Gut Serpentine an 
the total alkaloids increased its volume , ajmahne and serpentimne increasec 
its contractions 

6 Isolated guinea-pig and, kitten intestine — ^Ajmahne in 1 in 
centration, mcreased the peristaltic movements of the intestine In 1 m 50, 
and 1 in 25 000 concentration sudden tome contraction of the intestine vri i 
temporary cessation of peristalsis occurred Serpentine and the total alkaloi 9, 
m similar doses produced relaxation while serpentimne produced tonic contrac ion 
of the organ (Plate X figs 5 to 8) 




Fio 10 Fio 11 Fio 12 

Action of RaujoolJIa serpentina alkaloids 
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IlsVESTIGATIOXS ON THE MECHANISM OF ACTION 

1 Comparison of the pressor effect in normal, spinal and decerebrate cats — 
rrom what has been abeady stated, it would be seen that ajmahne and serpen- 
tinme in moderate doses mcreased the carotid pressure but ajmahne depressed it 
m higher eoncentrations Serpentme, total alkaloids and the alcohohc extract 
were pressure depressants In spmal cats, ajmahne, serpentme and the total 
alkaloids depressed and serpentmme either stunulated or depressed the pressure 
In decerebrate animals ajmahne and serpentmme stimulated but serpentine and 
the total alkaloids depressed the carotid pressure 

2 Effect of atropimzation — ^Paralysis of the vagal endmgs, obtamed vith 
1 5 mg /kg to 2 mg /kg of atropme sulphate and tested agamst acetyl-chohne 
or the faradic stimulation of the lagus, showed that the pressor efiect of 
B serpentina was not very much modified by atropme exceptmg that ajmalmb 
was found to lose its hypertensive properties m some experiments On isolated 
stnps of gumea-pig mtestme complete atropimzation controlled by pilocarpme 
did not alter the normal action of Bauwolfia alkaloids 

3 Effect of ergot oxine — The sympathetic nerve-endmgs were paralysed by 
the slow intravenous mjection of 5 mg of ergotoxme and tested agamst adrenalm 
(Plate X, fig 12) The action of ajmahne, serpentme and serpentmme was studied 
m such preparations (Plate X, figs 9 to 12) It was noticed that m this condition 
the pressor effect of ajmahne was not only quantitatively reduced but even 
moderately reversed The action of serpentrmne was almost unaffected and the 
normal hvpotensive property of serpentme was substituted by a defimte hyper- 
tension 

4 Vasomotor reversal effect of ajmahne — Certam resemblances between the 
pressor effect of ajmahne and ergotoxme made us mvestigate if a heavy dose of 
ajmalme could not paralyse the sympathetic nerve-endmgs Accordmgly, 50 mg 
of ajmahne were mjected m dinded doses, through the femoral vein of normal 
cats and the effect of adrenalm studied thereafter Plate XI, figs 1 to 4 show that 
the adrenalm effect is temporarily reversed by ajmalme and the latent penod of 
action prolonged This effect passed off after an hour It was thus endent that 
ajmalme could temporarily produce a partial reversal of the vasomotor system 

Relative value of B serpentina alkaloids in experimental 

hyfebpieses 

In view of the wide chmcal apphcation of this drug m hypertension, it was 
considered desirable to study the effect of the mdividual alkaloids on experimentally 
induced hypertension brought about bv the contmuous mtravenous perfusion of 
adrenahn or by the mjection of ephedrme This was expected to throw further 
hght not only on the intensity of action, m this regard of the lanous actue 
ingredients of the drug, but w ould also afford the opportimity of a comparatii e 
eialuation of the different alkaloids m experimental therapeuhcs 

1 Hgperpiesis induced by intraienoiis adrenahn and ephednne peifvsion — 
Vfter recording tlie action of a definite dose of ajmalme, 'serpentine ‘'erpentmine 
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and the total alkaloids, adrenalin perfusion through the femoral vein was begun 
The rate of flow of adrenalin solution was regulated with great precision to lOy 
or 20y per c c per minute throughout the duration of the experiment for obtaining 
a constant sub-ma\imal effect In case of ephedrme, a single dose of 1 rag of the 
drug was injected through the femoral vein Wien the pressure level was more 
or less constant, identical doses of the alkaloids were injected as before The 
results are summarized in the Table — • 


Table 


Effect of Rauwolfla serpentina alkaloids w adrenalin and ephednne 

hypertension 



1 

1 Dose, 

'mg/ 

Ifg 

Pressor 
effect 
of the 
alkaloids 
m normal 
cats, mm 

Hg 

Pressor effect re 

in PERPIETIO OATS 

Initial 

B P 
level, 
mm 

Hg 

B P LEVEL AFTEF 

Name of 
alkaloid 

Adrenalin 
perfusion 
fall, mm 

Hg 

Ephednne 
injection 
fall, mm 

Hg 

i 

Adrenalin 

Ephednni' 

Ajmalme 

1 2 

10 (nse) 

40 

40 

90 

160 

1(12 

Serpentme 

1 

1 

30 (fall) 

80 

80 

00 

164 

104 

Serpentmme 

2 

10 (rise) 

36 

26 

00 

150 

122 

Total alkaloids , 

1 

1 ^ 

20 (fall) 

70 

76 

100 

164 

16S 


It IS evident from the Table and from Plate XI, figs 5 to 11, that in experi^ 
mental hyperpiesis in cats, Rauwolfia alkaloids produced umversal h) potension ant 
this was true even for ajmahne and serpentimne which normally raised the ^ 
pressure Maximum reduction was, however, obtamed with serpentme an 
total alkaloids m which cases the fall of carotid pressure was almost thnce ns gre 
as before adrenalm and ephednne Ajmalme and seqientinine action was ou 
to be inferior to the above two 

2 Hypertension produced by paralysing the carotid sinus conliol 
sinuses were dissected out in cat by the usual technique of sinus dissection 
bulbous portions were searched for at the bifurcation of the common 
artenes The dissection was contmued up to the root of the internal earn i 
These were carefully dissected and swabbed with 6 per cent phenol ti ^ 
innervations in the adventitia were completely paralysed (evidenced ly 
moderate rise of blood pressure from 15 mm to 20 mm Hg) When the jiressii 
remained steady at this level, Rauwolfia alkaloids were injected one by one an 
the pressure changes compared 

The result thus obtained confirmed our previous findings in the other tw^ 
methods Sinus paralysis could not, however, produce the same degree o rise 


i? N Chop a, B C Bose, J C Chipa and I C Chopra 323 


the carotid pressure as after adrenalin or ephednne and naturally the degree of 
hypotension produced bv the Ramioljia alkaloids was less marked 


Discussion 

Various effects of the Ramvolfia alkaloid have been studied m the present 
paper An analysis of these actions shows that the plant possesses two groups 
of active prmciples of distmct pharmacological actions The first group consists 
of ajmahne and serpentimne which raise the blood pressure, depress the cardiac 
musculature, produce splenic contraction, stimulate the respiratory movements 
and the peristalsis of the isolated gmnea-pig mtestine and mtestme in situ The 
second group which consists of serpentme produces an opposite effect on all the 
organs enumerated above The total alkaloids as also the alcohobc extract of the 
plant behave bke serpentme 

These laried actions naturally raise certain hypotheses as to the probable 
seats of action of these drugs One could be tempted to attnbute the meehamsm 
of the vascular effects to the parasympathetic and sympathetic autonomous nervous 
systems, nse of blood pressure with ajmabne and serpentimne, and hypotension 
produced by serpentine But when the mtestmal effect is associated with the 
carcboiascular action and the effect of atropinuation is taken into consideration, 
it becomes obvious that a perfect parasympatho-mimetic or lytic effect does 
not occur, the mtestmal effect resemblmg a direct mascular action Certain 
properties also suggest the possibihty of a sympathetic and adrenergic effect, 
eg 1 asoconstnction (ajmahne and serpentimne) and partial reduction 
of the pressor effect after ergotoxme But the stimulatmg action on the 
intestines, incomplete reversmg of adrenalm action by an ajmabne, prejudice 
this conclusion Under the cucumstances it is not possible to identify adrenergic 
or chobnergic effect in these alkaloids and classify them as mimetic or lytic 
poisons of the parasympathetic or sympathetic nervous systems, though certain 
characteristics are present Further elucidation is necessary before this issue 
can be finallv settled 

Ney ertheless, these alkaloids present defimte mdications of marked vasomotor 
actions, as erudenced by blood pressure and organ volume changes Plethysmo- 
graphic studies showed that splanchmc vasoconstriction occurred with ajmabne 
and serpentimne along with the rise of the blood pressure, and vasodilatation 
occurred when the pressure was depressed by serpentme, total alkaloids and the 
alcohobc extract Elucidative explorations conducted for this issue with a new 
to decide between the central and peripheral effect bv spinal and decerebrate 
preparations and effects of adrenalm and ergotoxme on these drugs, show that the 
hyperteusue properties of ajmabne and serpentmme change to hypotension in 
spinal preparations but remam unaltered m decerebrate animals Serpentme 
action remains unaltered in both these conditions Ergotoxme defimtelv reierses 
the action of serpentme and ajmalme can partially reverse the action of adrenalin 
These data suggest that a larying degree of both central and peripheral effect 
IS hkelj to be present in these alkaloids 
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As to the hypotensive effect of the Rauwoljia alkaloids a comparative evalaa 
tion of them relative properties has been possible in this vork We have found 
that both in normal cats as v ell as in cats v ith induced hypertension, serpentine 
proved to possess the maximum pressure-reducing properties and could according!} 
be considered to be the hypotensive principle of the drug Hypotensive action 
of the total alkaloids and of the alcohohc extract seemed to be due to the presence 
of serpentme in them as its removal along with that of ajmahne and serpentinine 
from the total alkaloids left the remaining portion entirely meffective on the blood 
pressure Attempts to elimmate serpentine from the total alkaloids are now being 
made by the Chemistry Department of this Institution, which wiU enable us to 
demonstrate more conclusively if this hj'pothesis is correct 

Our results, in this respect, do not fully agree with the earher findings of 
Chopra and Chakravarti {loc cit ) who, v orlang on pithed and decerebrate cats, 
came to the conclusion that ajmabne was the major pressure-reducmg factor in 
experimental hypertension The reason why tests on normal cats should lead to 
a different conclusion is difficult to explain 

Analysis of the intestinal action of Rauivolfia alkaloids demonstrated that 
both ajmalme and serpentimne, which stimulated the mtestme, could account 
for the laxative effect of the drug, so often observed by climcians 

Conclusions 

1 The different active constituents of R serpentina have been studied and 
compared m this paper 

2 The extract, total alkaloids and serpentme show marked hypotensive 
properties , ajmalme and serpentmme, on the contrary, are hypertensors in 
experimental hypertension aU of them mduced hypotension, serpentme producing 
the maximum effect amongst them 

3 Serpentme could be considered to be the chief pressure-reducing factor 
amongst Rauwoljia alkaloids 

4 Ajmalme and serpentmme stimulate, whereas serpentme depresses, the 

intestine The first two would account for the purgative effect of the extrac , 
which has often been reported m the Ayurvedic literature 

6 The various effects suggest that the Rauwoljw. alkaloids probably act 
on the vasomotor system and also duectly on plain muscles of the blood vesse s 
and mtestmes 
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CnopRt, JIuKERji and Chakra yarty (1938) and ilukerji and Iyengar (1938) 
reported upon the comparative activitv of some hvdrocupreidme derivatives on 
red blood corpuscles and on digestive enzymes The present paper reports a 
continuation of this studv vith a view to find out if these denvatives could be 
utilized for purposes (eg against protozoa and bacteria) for vhicEhvdrocupreine 
salts hat e been recommended bv ilorgenroth et al (1922-1926) 

Experimental methods 

Paramjccia culture — Small pieces of hav thoroughly washed in tap-water, 
were placed m a comcal flask and boiled for ten mmutes with 300 c c of water The 
mouth of the flask was covered with a clean gauze and the flmd on coohng was 
moculated inth a culture of Paramcccium caiidatum After a week innumerable 
activelv motile ciliated organisms were found in the solution 

Preparation of solution — ^Higher homologues of hvdrocupreidines bemg 
spannglv soluble in water these were first dissohed in minimum quantitv of 
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deci-normal hydrochloric acid and re-distilled water was then added to makeup 
the required dilutions 

Hydiogen-ion concenli ahou — ^Acton (1921) demonstrated that the pH of a 
solution has considerable influence on the lethality on P caudolutn, an increase 
on the acid side being associated with a corresponding increase in killing 
power of the solution The hydrogen-ion concentration of the solutions was 
therefore very carefully determined electrolj’tically by means of the quinhydrone 
electrodes As it w as not possible to bring the pH of all the solutions to the neutral 
point owing to their meagre solubility, attempts were made to brmg the pH as 
near to the neutral point as practicable by careful addition of phosphate hufier 
In this way, pH of the solutions was maintained between 5 3 and 6 4 Controls 
with N/10 HCl of the same pH were run side by side to avoid any fallacy in the 
results 

Effects onparamcecta — Equal quantities (2 drops of each) of paramoecia culture 
and the solution under test were mixed thoroughly on a moated glass-slide 4 
vaseline ring was made around the cover-slip to avoid early dehydration of the 
preparation The lethal time, as indicated by the paramoecia becoming completelv 
motionless, was noted by means of a stop-watch The comparative lethahty 
was recorded in terms of qmmne hydrochloride Corresponding hydrocupreine 
derivatives where available, have also been studied side by side 


Results 

From Table I, it is evident that the hydrocupreidine derivatives have powerful 
toxic effects on undifferentiated protoplasm and the activity of individual members 
tends to increase as we go higher up in the senes The lethal effect on paramceciuin 
IS definitely influenced by the number of carbon atoms in the side chain and, m 
this respect, it runs parallel wath the hsemolytic activity of these salts (Chopra 
et al , loG ext ) The behaviour of iso-amyl, normal heptyl and normal octy 
denvatives appear to be somewhat pecuhar, in that the n-heptyl and n-octyl 
derivatives are less toxic than their positions in the homologous senes 'WoiiK 
indicate, whereas the wo-amyl salt is comparatively much more toxic It is also 
seen, contrary to general conceptions, that the iso-compounds are less toxic than 
their normal denvatives From Table 11, it will be seen that the lievo-rotetory 
hydrocupremes are more toxic to the ciliates than their corresponding dextro- 
rotatoiy hydiocupreidines, but the intensity of action of the law o rotatoiy 
compounds in this group is by no means as pronounced as is observed, for examp e, 
in tlie sympathomimetic amine senes (e g adrenahn) where the Imvo-denvatn cs 
are often 10 times or more stronger than the corresponding dextro-denvatives 

The higher members of the hydrocupreidine series (from butyl upwai^s) 
which are not only powerful inhibitors to amylase but also possess powe u 
hmmolytic activity, cannot naturally be used for mternal medication but whether 
their marked and intense ceU-destroying power, which is generally very muci 
stronger than qmmne, can be convemently utilized against micro-organisms 
antiseptics or disinfectants remains to be worked out 
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N n — 1' tliyl lijdrociiproidmo was not avnilnblo at the time of o'^ponment 

• Tlio strength gnon is that of tho rostdting mLxtnro which iB half that of the ongmal strength used 
t ‘ No death ’ indicates parnmoconim did not die within 5 hours unless speoiolly mentioned 



Dilution employed and timb taken to kill pailvmceoia 



N B — -Dtlxyl hydrocupteidme was not available at the time of experiment 

^ The Btrength. given la that of the reeulting mixture "whioh ifl half that of the^ original strength used 
"V * death ' Indicates paramoooium did not die within 5 hours unless specially montionod. 


EJfecl of Iwvo rotatory hydrocupreine denmtives on ParamcBCium cauclatum 



Tlio strength given is that of the rosnlting mixture which is half that of tho onguial strength used 
‘ No dentil ' indicates pnmmocoium did not die m 6 hours unless spooially mentioned 
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Summary ajtd corclusions 

1 Comparative toxic action of hydrocuprcidine derivatives and then 
corresponding available lse\o-iotatory hydrocupreines on undifferentiated proto- 
plasm (e g P caudatum) were studied and compared wuth qiumne bydrochloride 

2 Hydrocupreidine derivatives are powerful protoplasnuc poisons and in 
viito experiments, these are found to possess lethal properties of a very high 

order compared to qiiimpe 

3 In general, the toxicity of hydrocujireidine derivatives on unicellular 
orgamsms increases with the increase of carbon atoms m the side chain ho- 
derivatives m this series appeal to be less toxic than theur normal hoinologues 
though the difference in the intensity of action is not often very well marked^ 

4 La?vo-rotatory hydrocupreines aie more toxic to the cihates than their 
correspondmg dextro-compounds 

6 In view of the high dilutions m which these hydrocupreidme derivatives 
are potent against free-hvmg ciliates, their therapeutic utilization as disinfectants 
in wound infections and surface antisepsis deserves further investigation 
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THE CHEMICAL INVESTIGATION OF THE GUM RESIN 
FROM BALSABIODENDRON MUKUL HOOK 

BY 
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RAH NATH CHOPR V 
[Indigenous Drugs Inquiry, I R F A) 

[From the Department of Chemistry, School of Tropical Medicine, 

Calcutta ) 

[Beceived for publication, Xovembcr 6, 1941 ] 

The plant Balsamodendron mukul Hook belongs to the family Burseracese 
and 18 synonymous isnth Commiphora niuhiil Engl (Wehmer, 1935) It is a small 
tree, about 4 feet to 6 feet high, ivith brown flowers It grows in the and zones of 
Rajpntana, Khandesh, Smd, Kathiawar, East Bengal and Assam The gum 
resin Trom the plant, known in Sansknt as Koushikaha or Guggulu and m Bengah 
and Hindi as Guggid, is obtamed by mcision of the bark dunng tlie cold season 
It is of a brown or dull-green colour and has a bitter taste with an aromatic odour 
It IS used as a demulcent, aperient, carmmative and alterative, and it is stated to 
be useful in leprosy, rheumatism, syphihtic disorders, scrofulous aSections, nen oiis 
and skin diseases and m urmary disorders An omtment prepared from this is 
used for bad ulcers, especially m the treatment of Delhi sores (Watt, 1889-9G) 

This mvestigation was suggested by an mqmry from the Government of India 
to find out useful substitutes for drugs whose imports have been curtailed owing 
to the present war, and the present drug was taken up in order to find out whether 
it could be used as a substitute for Balsam of Tolu 

There seems to be no record of any detailed chemical examination of this gum 
resin and the constituents of the gum resin from an allied plant, Commiphora 
mijrrha Holm (syn Balsamodeiidron myrrha Nees), are stated to be gums 40 to 
CO per cent, resins 27 to 60 per cent, essential od 2 5 to 10 per cent, bitter substance 
etc (Wehmer, loc cit ) The constituents of the Balsam of Tolu ha%e been found 
to be about 7 5 per cent of an oily aromatic liquid consisting mamlv of benzvl 
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benzoate and a small proportion of benzyl ciunamate, about 3 per cent of impui 
ities, about 0 05 per cent of vanillin, about 12 to 15 per cent of free cinnamic acid 
and benzoic acid, the latter being present in smaller amounts , the resin was present 
as an ester 17111011 on h 5 '^droly 8 is gave cinnamic acid and a httle benzoic acid and 
a resin alcohol toluresinotannol Ci7ll]805 (Oberlander, 1894) 

The material used for the present work v as secured from the local market and 
the crude drug was freed mechanically from foreign matter, such as pieces of wood, 
sand etc , which amounted to about 4 65 per cent, before it was used for tke 
investigations 


EvPERmENTAl 

Moisture and volatile matter — ^\l'hcn dried at 105®C it lost 7 72 per cent of its iveight 
Ash — On Ignition it burnt rvith n smoky flame omitting nn aromatic odour and left behind 1949 
per cent of ash The ash was strongly alkaline, and on annfysis was found to contam 59 0 per 
msoluble siliceous matter, 21 20 per cent of bme calculated as CaO, 2 1 per cent of magnesia (MgO), 
and 0 88 per cent of iron and alumma (FCjOj, ALO,) 

Oum — A neighed quantitj’’ of the siibstaiico nas dissohed m water, filtered and precipitate 
with alcohol The precipitate nns nUoned to settle and the clear supernatant hqnid was decanted 
off The precipitate was dissohed in water and re precipitated with alcohol and the 
repeated for a third time Fmnlly, the precipitate w as thoroughly washed with dilute alcohol, filtered, 
dried and weighed The gum obtamed amounted to 32 4 per cent 

Essential oil — One hundred and forty grammes of guggul were distUled m steam untd the distilbte 
became clear The aqueous distillate was extracted with ether, the ether remoaed and the residu 
dried and weighed The yield of the essential oil amounted to 1 45 per cent 

Besin — ^The substance was saponified with alcoholic potash, the product diluted 
transferred to a separatmg funnel and extracted with ether The ethereal solution was washed 
ivith water with two successive portions of dilute aqueous potash and finally with distilled wa 
The ether was removed and the residue dried at 110°C to a constant weight The 
restn thus obtained amounted to 16 8 per cent The saponified product, after removal of the n 
saponifiable portion, was transferred to a beaker and precipitated vnth HCl , only a v ery small quan j 
of a precipitate could be obtained ^ 

Solubility — The results of the solubihty of the gum resm m venous solvents are shown ® l 
and compared with those for Tolu Balsam, the figures for the latter bemg those given by Bia 
(1920) — 


Table I 



Per cent soluble 

Solvent 

1 

6uggul 

Tolu Balsam 

Alcohol (90 per cent) 

24 89 

Complete 

Sulphuric ether 

24 12 

63 to 88 (Dietench, 1920) , com 
plete (Oberlander, 1894) 

Acetic ether 

20 23 

Complete 

Petroleum ether 

9 89 

2 2 to 10 2 

Chloroform 

20 07 

Almost complete 

Benreno 

24 07 

82 per cent to almost complete 

f nrbon disulphide 

18 72 

19 0 to 36 
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Ac\d value — One gramme of the substance rras taken in a glass stoppered flask and treated with 
10 c c N/2 alcoholic potash and 10 c c of N/2 aqueous potash, 60 c c of benzme of specifio gravity 0 700 
was added and the mixture allowed to stand for 24 hours with occasional shakmg Five hundred c c 
of water was then added and titrated with N/2 sulphuric acid, usmg phenolphthalem ns mdicator 
Alkali required for neutralization = 0 7 X 0 992 = 0 0944 c c , hence the acid value = 9 74 

Saponijication value — Two grammes of the substance were boiled under reflux with 30 c o water 
and 25 0 c N/2 alcohoho potash (factor 0 992) N 2 sulphuric acid required for back titration 
= 20 6 c c , hence the saponification value = 60 3 

Ester value — The diflerence between the saponification value and the acid value (60 3 — 9 74 or 
60 66) gave the ester value 

Unsapontjiable matter — 2 5 grammes of the substance were heated with 25 c c N/2 alcohoho 
potash for one hour The saponified product was diluted with 60 c c water aud extracted thrice 
with ether The ethereal extracts were washed with water, with N/2 aqueous potash and finally 
with water The ether was removed and the residue carefully freed from solvent, dried and weighed 
The unsaponifiable matter m the sample amounted to 16 99 per cent 

Ethereal extract of the gum resin — Five hnndred grammes of guggul were extracted repeatedly 
with sul^huno ether until it was completely exhausted The ether was removed and the residue, a 
yellow viscous hqmd, was dried m a vacuum desiccator 

Acid value of ethereal extract — One gramme of extract was dissolved m 60 c c alcohol and titrated 
with N/2 potash using phenolphthalem as mdicator The acid value was found to be 4 20 

Saponification value of ethereal extract — Two grammes of extract were refluxed with 26 c c N/2 
alcohohc potash and then titrated with N/2 sulphuric acid The saponification value was found to be 
641 

Non saponifiable matter of ethereal extract — ^The value found was 76 6 per cent 
Ester value of ethereal extract —The ester value calculated from the saponification and acid i alnes 
was found to be 59 9 

Optical activity of ethereal extract — A 6 per cent solution of the extract m absolute alcohol gave 
Wp,*’ = + 26 3“ 


Examination of the gum resin for its constituents — ^Two kilograms oi the substance were extracted 
thnce with ether the ethereal extracts combmed filtered from suspended impurities and washed 
repeatedly with a 0 25 per cent solution of caustic soda The ethereal solution was then washed with 
water and extracted tmce with a saturated solution of sodium bisulphite The bisulphite solution 
ivas decomposed with cold dilute sulphuno acid (3 vols of acid to 5 vols of water) When the evolu 
tion of SOj ceased it was heated on the water bath to remove the last traces of SO, After cooli^, 
the solution was extracted with sulphuric ether the ethereal solution washed with water and the ether 
removed at a low temperature There was no appreciable amount of residue mdicatmg the absence 
of any aldehyde 

The ethereal extract after treatment with aqueous sodium bisulphite was washed with water 
until neutral, dehvdrated with sodium sulphate and the ether removed A dark brown, thick, oily 
hqmd was ohtamed as residue ’ 


Twenty grammes of the above oily liquid were subjected to fractional distillation in vacuo It 
began to distil at 176°C The first fraction collected between 175°C and 245'’C consisted of only a 
few drops of a yellow hqmd. The second fraction distillmg up to 275°C also consisted of a feu drops 
of a deep yellow hqmd. The third fraction collected up to 290’C consisted of about 3 c c of a dark 
brown hqmd Above 290°C the hqmd began to decompose A further quantitv of fresh hqmd was 
distilled m vacuum and the distillate up to 290"C was collected .Ail the frraotions were mixed together 
and saponified with a 10 per cent solution of caustic potash The saponified product was diluted with 
^ter and extracted with ether The ethereal solution was washed with water and the ether removed 
Ao appreciable amount of residue was obtained The alkaline solution was acidified with sulphuno 
“ small amount of a precipitate was obtained The precipitate was washed, dissolved m 
alrohol and alloweil to crvstalhze slowly, but no cnstals could bo obtamed No evidence could be 
obtained about the presence of benzvl alcohol, cmnamio acid or benzoic acid m the sapomfied product 
Ihe alkahnc solution obtained by shakmg the ethereal solution of the original drug with 0 25 per cent 
caustic soda as mentioned before was freed from dissolved ether bv warmmg on the water bath cooled 
and a current of CO. gas passed A lerv small quantitv of a vellow precipitate was obtam^ This 
xcilow resinous powder softened at 93°C and melted completelv at 12l°C The alknlme solution was 
concentrated to a small bulk and allowed to stand for some davs A small quantitv of a crvstillme 
substance scpariftd out it was dissoh ed in alcohol decolorized with animal charcoal and nllnire,t 
to cr^talbze Tho cnstals when purified by re crystallization from boihng water -nero obtained 
ns coWrlcss needles mp 11C=-C to IIS'C The quantitv was too smaU for ftirther worl! 
mother liquor from these crvstals was made distmctlv acid with Ha but notlung separated out. 
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SUMMAUY AND CONCLUSIONS 

Tablu ir 


Compuralne table 



Tolu Balsam 

Balsamodendron 
mul III (guggul) 

Ethereal 
extract of 
guggnl 

Free acid, per cent 

7 1 to 1C 3 

Trace i 

- 

Combined acid, per cent 

10 4 to 37 7 

— 

- 

Acid value, per cent 

111 3 to 126 

9 74 

4 20 

Ester value, per cent 

70 0 to 88 1 

50 00 

59 0 

1 

Saponification value per cent 

188 0 to 204 3 

(.0 3 

041 

Saponification value of ethereal 

247 4 to 301 8 

1 

1 

extract, per cent 



t 

Gum, per cent 

— 

12 4 


Specific rotation 

— ! 


+ 20 3° 

Essential oil, per cent 

02 

1 45 

— 

Ash, per cent 

— 

19 49 

— 


The sample of Balsamodendron mukul was found to contain about 4 o p 
cent of foreign impurities, 32 4 per cent of gum, 19 6 per cent of nuneral nia 
consistmg chiefly of S 1 O 2 , Ca, Mg, Fe and A1 It contains about 1 45 per cen ^0 
an essential oil having a faintly aromatic odour The presence of J 

cinnamic acid, ben/yl benzoate benzyl cinnamate or vamllm, which form impo 
constituents of Tolu Balsam, could not be detected in BaUamodcndron 
Besides a very small amount of a saponifiable resm, the balsam contains resi , 
which could not be sapomfied The results lucbcate that Bakainodendron ^ 
which does not contain the constituents which are stated to be the 
active components of the Balsam of Tolu, cannot be recommended as a su s i 
for the latter 


Dieterich (1920) 
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ESTBIATION OF AIMIMONIA ifITROGEN IN 
BIOLOGICAL MATERIALS 


BY 

SUDHIKDRA NATH SEN, m sc 
{From the Bengal Immvmty Research Laboratory, Calcutta ) 

[Becei\ed for pnbliention, October 13, 1941 ] 

Ddriyg studies on the ftutol}sis of different glands and tissues, an attempt 
to determine ammoma did not give satisfactory results iihen estimated by the 
usual magnesia-distillation method Knoivn amoimts of ammoma were then added 
to vanous protem materials, such as freshly slaughtered beef, veal etc (thus givmg 
them mini mum chance to decompose), but the recovery of the added ammoma 
alls ays gave higher figures than the actual amount added when estimated by the 
magnesia method It appeared that probably the conditions under which such 
estmiations were earned out were drastic and the highly alkahne reaction (pH 10 
to 11) which was produced by the use of magnesia was conducive to the hydrolysis 
of protem Accompanpng this hydrolysis ammonia was evolved and this gave 
higher results than the actual nmoimt imtiallv present in the sample under 
evammation 

Since the high alkahmty of magnesia might play a part m the hydrolysis of 
protein, it was thought that if the pH of the distilling solution could be brought 
and mamtamed shghtly on the alkahne side, the decomposition of the mtrogenous 
bodies would be mmmiized It was eaudent that as the concentration of the 
reagents proceeded wuth distillation, pH would go higher and higher if the reaction 
was adjusted with a single base e\ en just on the alkalme pH The other alter- 
native was to use a buffered solution for the adjustment of the reaction Nichols 
and Foote (1931) and Shrikhande (1941), while worknng with trade waste, decom- 
posed plant matenals etc, have reported that aimnoma determinations were 
unsatisfactorv if earned out m presence of magnesia or sodium carbonate because 
of the high alkalimtv and sugeested the use of a phosphate buffer of pH 7 4 for 
ammonia estimation An ma estigation to determme ammonia mtrogen m presence 
of protein with phosphate buffer was accordmgly undertaken and the results are 
gi\cn herein 
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EXPERiairNTAL 

To see winch reaction was most suitable for the accurate recovery of ammonia 
m presence of protein, 20 mg of ammonia in the form of ammomum sulphate iveie 
added to 10 c c of horse serum and the distillations were earned out at different 
pH adjusted by phosphate buffer solution The results are given m Table I — 


Table I 


11eco\fred ajimoma in siiiligbams 


pH 

1 

With liorso scnim 

Without horso serum 

7 0 

19 4 

10 2 

7 4 

20 1 

1 

20 0 

1 

80 

21 6 

200 

1 

85 ! 

1 

23 2 

200 

• 




It was thus evident that pH 7 4 was the most smtable reaction and this pH 
was used in aU subsequent estimations 


PiepamUon of phospltate buffer solution of pH 7 4 

14 3 g of potassium di-hydrogen phosphate (1IH2P04) and 91 0 g of di 
potassium hydrogen phosphate (K2HPO4) were dissolved m ammonia-free distil e 
water and the volume made up to one btre 

The foUowmg matenals were taken for experimental work, each representing 
a typical class — 

{a) Autolysed beef 

(6) Horse serum 

(c) Culture filtrate — Cl tetani toxin 

(d) Bacto-peptone 

Each material was taken m a round-bottom flask, 150 c c buffer solution 
added and the volume made up to about 350 c c with ammoma-free distilled wa r 
In each case, pnor to distillation, 20 mg of ammoma (in the form of aniinoniuin 
sulphate) were added as control and the distillation was fimshed m the usua vaj 
A blank was also made m each case without the addition of ammonia Ano 16 
set of experiments were earned out with magnesia (3 g ) exactly in the same ivay 
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as in tte case of pliospliate buffer solution Results of ammonia recovery are 
given m Table 11 — 

Table II 


'Matenak 

1 

Blank HH, 
m mg 1 

1 

Addition of 
XHj m mg 

1 

Ammonia recovered et 

MG 

Phosphate 
butfer i 

Magnesia 

(1) \Titoh Bed beef (10 g ) 

1 

2 64 

20 0 

22 78 

, 24 22 

i 

(2) Horse serum (60 c c ) 

Xil 1 

20 0 

1 

20 10 

j 31 16 

(3) To'rm (CT lelani) (20 c c ) 

18 10 

20 0 

1 

38 10 

38 60 

(4) Bacto peptone (10 g ) 

6 12 

20 0 

26 00 

27 68 


I 


Pure protem ivas then taken to see whether the increased amount of ammoma 
was also obtamed m this case with magnesia Pure serum globulin was prepared 
by precipitating horse serum (50 c c ) with 23 per cent sodium sulphate solution 
The precipitate was washed with sodium sulphate solution till the wash-water 
gave no biuret reaction The precipitate was dissolved m water and equal 
volumes were taken for ammoma estimation, both with buffer solution and with 
magnesia Results are recorded m Table III In each case 20 mg of ammoma 
were added as control — 


Table HI 



i 1 

A.iiimoma added 1 
in mg 

! 

i 

1 Ammoma recovered 
m mg 

Magnesia 

1 

20 0 j 

1 

1 

234 

Phosphate buffer 

20-0 

j 20 4 

1 


Different volumes of phosphate buffer were then used as dishlhng rea'rent to 
ascertxam whether there was any variation m ammoma figure wnth the incr^se in 
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tlie amount of l)ufFer solution Twenty mg of ammonia as ammomum sulphate 
were added m each case as usual Uesiilts are recorded In Table IV — 


Table IV 


Materials 

NHa added in 

mg 

NHj RECOV] 
VTTH RUFFE 

200 C 0 

BRED IE MO 

;r solution 

250 0 c 

Autolysed beef (10 g ) 

20 0 

22 78 

22 78 

Horse Berura (60 c c ) 

20 0 

20 20 

20 20 

Toxin {Cl lelain) (20 c c ) 

20 0 

38 10 

38 10 

Bacto peptone (10 g ) 

20 0 

20 00 

20 00 


Discussion 

These results leave no doubt that the high alkalmity of magnesia causes an 
apparently high yield of ammoma due to the hydrolytic de-anunation of protem 
and its break-down products This factor can be practically eliminated, by the 
use of a phosphate bufier of pH 7 4 as distilling reagent Moreover, no variation 
in the amount of ammoma recovered was noticed vuth different volumes of the 
buffer solution {mdc Table IV) 

It is interesting to note from Table II, that marked variations m the yield 
of ammoma were noticed in cases of serum and meat (containing crude protein) than 
in cases where protem is in the foim of break-down products (peptones etc ) Id 
case of Cl ietam toxin, practically uo variation in the amount of ammoma recovers 
was noticed with bufier solution and with magnesia It was possibly due to tne 
small amount of mtrogenous bodies present in it and that also in the form o 
break-down products (Basu and Sen, 1941) 

It was argued that higher figure for ammoma might be due to some factor 
other than the high alkalimty of magnesia, but results recorded in Table III, 
pure globuhn, definitely showed that the de-ammation of protem was mainly due 
to the high alkabne reaction of magnesia 


Summary 

Trom the results so far recorded it is evident that the magnesia-distillation 
method is not suitable for the estimation of ammoma m the presence of protein 
The distillation, if earned out m the presence of phosphate bufier of pH 7 4, gives 
more accurate results 
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A MODIFIED METHOD FOR THE DETERMINATION 
OF ‘ PROTHROMBIN TIME ’ 

BY 

X F lYEXGAE, 

K B SEHRA, 

AXD 

B irUKERJT 

(From the Biocheimcal Standardization Laboratory, Goiernmenf 
of India, Calcutta ) 

[Received for pubbcntion, Xovetnber 25 1941 ] 

Since the isolation of vntaniin K. and its therapeutic utilization m certain 
htemorrhagic conditions, the detemunation of the prothrombin level m blood has 
attracted considerable attention Quick (1938) desenbed a method for estimating 
the prothrombm time vhich can be brieflv represented as follou s — 

/ ( , 0 1 c c plasma Dice thromboplastin tol ' n 1 r c — P PI 

' ' (Ovalated) [Pn pared from rabbit s brain) 40 ^ - 

Apjiearance of clot (prothrombm time) = 12 to 13 seconds 

The results obtained bv this method hat e often been found to be rather dn ergent 
Attempts have therefore been made to modify the method so as to secure more 
umform aud dependable results The chief disadvantages m the Qmck’s method 
are (1) The solution is rather opaque on account of the use of the rabbit bram 
extract as the source of thromboplastin The end-pomt m this test is the formation 
of the fibrm veb This end-point cannot be accuratelv observed m such an opaque 
solution (2) A iresh thromboplastm preparation has to be obtained everv time 
a determination is made Tins is not onlv mconvement and time-consurmn" but 
IS also open to the objection that the thromboplastm preparation emploved m the 
reaction being freshh made each time maa and actually does vary m potency 
from batch to batch In a stindard techmque on v.hich the mterpretation of 

( 339 ) 
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data of diagnostic and prognostic value will depend, siicli a variation in potenci 
of a reaction component is obviously not desirable 

Fullerton (1940) has recommended a method wherein he uses Russell’s \npei 
venom as the thromboplastin instead of rabbit brain extract The method can 
be briefly represented as follows — 

(B) 02 c c plasma + Q 2 C C 0 025 M CaClo. 

' ' (Oxalatcd) (1 m 10,000) 

Appearance of clot (prothrombin time) = 18 to 25 seconds 


In the above method it is considered necessar}" bv the author to use a freshly 
prepared solution every time a prothrombin test is performed, as otherwise the 
solution IS liable to rapid deterioration m thromboplastic potency A fresh ampoule 
contaimng viper venom (0 1 mg ) in dry form (commercially available as ‘ Stypven 
or ‘Russven’, B W & Co or Boots Pure Drug Co) should be dissolved m 1 c c 
distilled water immediately before use The chief disadvantage of this method 
is that the prothrombin time is often delayed Hobson and Witts (1940) report 
that when Russell’s viper venom alone is used the range of variation is greatly 
mcreased and the results in heemorrhagic diathesis may be grossly niisleading 
Hence they have suggested the addition of lecithin to the venom solution 
Their method can be represented as follows — 

(C) 0 1 c c plasma + 0 1 c c Russell’s viper venom (1 in 20,000) lecithin 

(5 mg /c c venom) reagent + 0 1 c c 0 026 M CaCIo — ' 

Appearance of clot (prothrombin time) = 8 to 11 seconds 

The reason for the variation of results m Fullerton’s method might he 
due to the fact that the solid venom in eacli ampoule may have been denvM 
from different batches which unght vary m their relative thromboplastic 
potencies The second disadvantage in Quick’s method is thus not ehuuna^ 
altogether in Fullerton’s method, although it can be claimed that the tlirombo- 
plastm 18 much more umform If it is possible to use a stock solution of venom 
whose thromboplastic potency has once been standardized by a series 
prothrombm determinations, Fullerton’s method can be regarded as of deiini e 
advantage It is stated bv Fullerton that the efficacy of the venom detenora s 
rapidly m solution Ho data shomng any such deterioration are presented ® 
possibility or otherwise of usmg a standard stock solution of venom had there ore 
to be established 


While working on the relationship between plasma trypsin and blood coa^ a^ 
tion, it was necessary to determme the prothrombm time in a number 
physiological and pathological conditions After many tnals with both the 
and the Fullerton techniques, it was reahzed that there is considerable ° 
the improvement of this useful chnical test Experience with the FuUe 
technique indicated that the method would yield quite satisfactory results, 
dilution of the prothrombm m the plasma could be reduced and the speed o 
thromboplastm-prothrombin-calcium reaction accelerated Both these o jec 
will be ser\’’ed by directly addmg to plasma 0 2 c o of 1 in 20,000 venom so u m 
m 0 025 M CaClo solution 
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Experimental 

The stabihty of stock solutions of 1 in 20,000 Eussell’s nper venom in - 
water or m 0 025 il CaClo, kept under toluene at a temperature of about 5°C , 
was studied m the first instance 

StocL sohittons — 

(i) 0 1 M sodium oxalate solution 
(it) 0 025 M CaCk solution 

*(iw) 1 m 20,000 Eussell’s viper venom solution m water 

*{iv) 1 m 20,000 Eussell’s viper venom dissolved m 0 025 M CaCla solution 

4 5 c c of blood fresh from a vem are pipetted mto a centrifuge tube containing 
05cc ofOlM sodium oxalate solution and centrifuged after thorough mixing 
The plasma is used for the determmation of prothrombm 

0 2 c c of this plasma was added to02cc oflm 20,000 Eussell’s viper venom 
solution m water and 0 2 c c of 0 025 hi CaCl 2 solution and kept at a temperature 
of 37°C to 38°C The mterval m seconds between the addition of calcium solution 
to the mixture of plasma and venom solution and the earhest appearance of the 
fibrm web is taken as the prothrombm time The stock solutions (tii) and (zv) 
were kept under toluene m a refngerator at about 5°C and penodicaUy taken out 
for use m the following experiments m order to test the stabihty of thromboplastic 
potency of the solutions The prothrombm time was also simultaneously deter- 
nuned by our modified method, i e 

0 2 c c plasma + 0 2 c c of stock solution [iv) 

r- Appearance of clot (prothrombm time) 


Table I 

Showing stability of the thromboplastic potency 
of venom 


Date of test 

Prothrombm time 
of human plasma 
osin;X solution (m) 

1 

Prothrombm time 
usmg solution (lu) 


Seconds 

Second' 

1-H-ll 

11-12 

0-11 

18-1-41 

11 

10 

22-1-41 

12 1 

* 10 


♦Fresh Ru«seir8 riper \enom obtained from Dmg House (India) Ltd and not ‘ Stvpven ’ 
or Russven’ -Has used Judged from the lower prothrombm time obtained, this venom is 
app-^rentlv more potent than the other two brands of venom 
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Table I — conoid 


Date of test 

Prothrombin time 
of human plasma 
usuig solution (tn) 

Prothrombin time 
using solution (ip) 


(Seconds 

Seconds 

27-1-41 

1*1 

11 

4-2-41 

12-13 

10 

15-241 

11 

9 

25-241 

12 

10 

11-341 

13 

11 

28-341 

14 

11 


The above results definitely show that the throinboplastic potency of stod 
solutions of Russell’s ^upe^ venom (1 m 20,000) either m water or in 0 026 M Ca » 
solution remains unaltered if kept under toluene at a temperature of about 6 

Having thus established the stability of dilute stock solutions of Bussells 
viper venom the use of a standardized stock solution of Russell’s nper venom or 
routine determinations of prothrombin could be safely recommended In 
to evaluate the normal prothrombin time of human plasma, by the modified me ^ 
routine determinations in about 25 cases were earned out Bor piiipo®®® 
comparison, the protlirombm time vas determined by the BiiUerton teenmq 
also with the only difference that the stock solution of Russell’s viper venom vras 
employed 

Table TI 


Showi'ij co'np Da'ive pi othrombin lime of >w)mal human plasma bu 

the two metJhods 


(1) 0 2 c c plasma 

0 2 0 0 1 m 20,000 
venom in 0 025 M 
CaCL 

r Prothrombin 

1 time in 

J seconds 

9 

9 

8 

9 


9 

10 

9 

10 

10 

9 

S 

1 

10 1 

i 

00 


19 

10 

11 

(2) 0 2 c c plasma -f 

( Prothrombm 

11 

11 

10 

10 

11 j 

11 

12 

12 

13 

0 2 c c 1 m 20,000 

1 time in 










\ enom 0 2 o c 

) seconds 



1 

i 


1 

i 



0 025M CaClj 

i 

13 

12 

11 1 

13 

23 1 

1 

16 

22 

13 

14 


9 

9 

12 


12 


11 

10 

9 

10 




14 

12 

11 

12 








The average prothrombm time by the modified method is aiioui 
while by the Fullerton techmque the average comes to about 11 to 1 
In every c-ase the clotting tune has been speeded up by the simultaneous a 
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of tlironiboplastm and calcium The total volume of the reaction mixture m this 
case 13 reduced to 0 4 c c instead of 0 6 c c when the thromboplastm and the calcium 
solutions are added separately, thereby resulting m an increase in concentration 
of prothrombm m the mixture by about 33 per cent 

Advantages of the method 

(d) It permits the employment of a stable stock solution of thromboplastin 
of constant potency In routine testing of a large number of samples, the 
availabdity of a ready-made standardized thromboplastin solution is often a 
real advantage 

(6) The addition of thromboplastm and calcium m one solution abolishes 
the time interval of the thromboplastin-prothrombin reaction, which can take 
place only in the presence of calcium 

(c) The ‘ prothrombm time ’ is speeded up on account of the increased 
concentration of prothrombm m the reaction mixture 

(d) The clot formed is well marked, as the fibnnogen is not diluted to the 
same extent as m Fullerton’s method 

Summary 

1 The stabihty m thromboplastic potency of dilute solutions of EusseU’s 
viper venom, both m water and m 0 025 M CaCl 2 , has been studied m detail The 
results obtamed indicate that the solutions when Icept under toluene at a tempera- 
ture of about 5°C are quite stable and hence standardized stock solutions can be 
used for routme prothrombm determinations 

2 A sbghtly modified method for the determmation of prothrombm has 
been suggested The prothrombm time is slightly speeded up by the revised 
method 

3 The advantages of the modification are enumerated 
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OBSERVATIONS ON FILARIASIS IN LAKHIPUR AND 
BINAKANDY TEA-GARDENS (CACHAR 
DISTRICT, LOWER ASSAM) 

BY 

S SUISTDAE RAO, l m p 

{From the Filariasis Inquiry under the Indian Research Fund Association 
School of Tropical Medicine, Calcutta ) 

[Received for publication, November 17 1041 ] 

The tea-gardens of Lakhipur and Bmakandy are situated in the south-east 
of Cachar district in Lower Assam and compnse mne villages In seven of these 
villages filanasis is endemic The infection is chiefly WiicJ^reria malayi It is 
said that these villages were qmte free from filanal infection till about 30 years 
ago and the infection was mtroduced by imported labour from Bihar province 
(Fraser, 1938) 

Buckley (Fraser, loc cit ) observed the infection in these ^•lllages as due solely 
to Mf malayi m 1931, and Fraser, who made a thorough study of the infection 
and disease prevalent in these villages in 1936 and 1938, apprehended that the 
disease was on the mcrease It was with a \aew to observung the rate of spread 
of the infection and also to see whether the infection had extended to the neigh- 
bouring villages that a sur\ey of these villages was undertaken by the writer m 
February and JIarch 194:1 

The districts of Cachar m the east and Sylhet in the west form the plams of 
Surma ^ allev of Lower Assam The Cachar district hes between 24° 12' and 25° 50' 
North, and 92° 26' and 93° 29' East, corermg an area of 3,767 square miles The 
delation of the land ranges from 70 to 300 feet above sea-leiel The chief mer 
IS the Barak or Surma The ai erage rainfall is 130 inches per i ear l\Imor floods 
with occasional major floods are common The hottest months are June to 
September with an average mean temperature of 83°F , the coldest month is 
January, with a mean temperature of 65°F Humiditi ranges from 70 to ICO 
per cent for se\ en months m the vear, Apnl to October The soil is fertile being 
for the most part clai and sandy Rice and tea form the important products of 
cultivation (Ranisav, 1924) 

The area that has been surveved is shown on the Map The vullaoes surveved 
were (1) Lakhipur, (2) Bhubanber, (3) Tilka, (4) Naidal (5) Pawda, (6) Robipur 

( 345 ) 




1 Lakhipur 

2 Bhnbanbir 

3 Tilktt 

4 Nmdal 
6 PaTvda 


POPULATION ACCORDING TO THE LATEST CENSUS (MARCH lOH) 


Male iemale Totau 

401 394 795 6 Robipnr 

143 113 266 7 Buiakandy 

186 143 328 8 Hatlkon 

71 69 140 9 Fliaohora 

294 238 632 

957 2,061 


Male 

36 

769 

606 

170 

1.487 

2,681 


Teninlc. 

24 

674 

446 

165 

1,308 

2,265 




Total 


1,094 


/ 


Total 

Ghand Total 
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(7) Binakandy, (8) Hatikun and (9) Ebachora These villages lie close to one 
another at distances not exceeding 1 to 3 miles and cover an area of about 28 
square nules The total population of these villages is 4,846 according to the 
latest census (March 1941) The population consists of Bengali settlers and 
coohes recruited from all over India and comprises different classes of people, 
chiefly Bhakta, Bourn Glond, Gowala, Kol, Bhil, Tell, Dorn and Chamar, all of 
them Hmdus m rebgion 

Water-supply is obtamed from urells and the nvers Barak and Eaidul There 
are no drams nor conservancy and the people use scrub jungle or open ground for 
defffication The prevaihng diseases m the order of frequency are malaria, bou-el 
diseases, reorm infections, venereal diseases and leprosy 

To deternnne the mcidence of filanal infection m different villages, the people 
u-ere exanuned at mght between the hours of 9 p m and rmdmght and thick smears 
of penpheral blood from the finger were taken for subsequent exammation A 
total of 2,445 persons, representmg 50 per cent of the population, was exammed 
both for signs of filanal disease and for blood infection The results have been 
tabulated (Table I) showmg the details m regard to the microfilana rate and the 
filanal disease rate for these mne villages — 

Table I 


The filanal disease Tate and vncrofilana rate per village 


Village 

i 

Total 1 
number | 
of persons , 
examined j 

Xumber , 
of persons 
with ' 
filanal 
disease 

Filanal 
disease 
rate, 
per cent 

Number i 
1 aho-KTug 1 
1 micro j 
filanie 

1 

Number 
without 1 
filanal 
disease 1 

1 

Number 

showmg 

micro 

filanm 

Microfilana 
rate, 
per cent 

LaUupur 

1 

1 G46 

0 

0 

1 0 1 

t 646 

1 6 

0 93 

Bhubanber ' 

' 20S 

9 

43 

1 0 

199 

14 

6 73 

Tilia 

328 1 

23 

70 

0 

1 305 

18 

5 49 

Naidal 

' 131 ; 

29 

22 14 

c 

102 

31 

28 24 

Ba-wda 

422 

12 

1 284 

1 1 

' 410 

16 

4 03 

Eobipur 

53 

3 

6 6G 

1 

, 50 

1 9 

18 87 

Bmakandj 

191 1 

0 

1 0 


1 191 


0 

Hatiknn 

219 1 

1 

0 46 

' 0 

1 218 

1 0 

0 

FImehora 

247 1 

33 

’ 13 30 

1 2 

i 

' 11 

5 26 

Total 

2,445 

1 110 

1 

4 49 

' 10 

1 

j 2 335 

105 

4 30 


Out of 2,445 persons exammed 115 had microfilanie m the penpheral blood at 
night, showmg a gross infection rate of 4 7 per cent Of these 116 earners five 
were 'Wncherena bancrofh infection and the rest were Tf malayi The former 
infection was found m onlv one luUage, viz Lakhipur In Lakhipur, out of six 
positives, five were hancrojli and one was vialayi 

Two villages, Eaidal and Robipur, showed high infection rates of 28 2 and 
18 9 per cent respectiveh The four villages Pawda Ehachora Tilka and 
Bhubanber, showed infection rates rangmg from 4 to 7 per cent Lakhipur has 
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a ver}'- lo\s infection rate (0 0 per cent), ■wliilc filarial infection was absent m 
Binakandy and Hatiknn The infections Avere due to Mf mahyx with the sobtary 
exception of Lakhipnr where they A\ere mostly Mf havcrofh As regards the 
distribution of the infection in the sexes, no marked difference was noticed m the 
case of either 

Out of 2,445 pel sons examined lor filarial diseases ]]0 (4 5 per cent) showed 
clinical signs of the disease The types of filarial disease obser\’ed are shown m 
Table II - 


Tabli, II 


The types of ftlanal diseases found 


Elephant msia ! 
of le" 

Elephantiasis 
of arm 

Elephantiasis 
of kgs and 
arms 

H\ drocele 

80 

10 

4 

1 1 


The extreme paucity of genital affections is remarkable Only one case of 
hydrocele out of a total of 110 cases of filarial diseases was observed The patient 
came from Muzaffarpur (Bihar) which he visited almost every year Neither the 
peripheral blood nor the hydrocele fliud showed microfilariae The other cases 
were of elephantiasis and they gave a history of lymphangitis which recinred m 
a mild or severe form at varying intervals of time Abscesses along the lymphatics 
were common and scars of abscesses weie present in a great mn]onty of these 
patients There was no case of chyluria in the whole population at any time 

Enlarged glands m the inguinal epitrochlear or in both regions were present 
in the majority of the persons examined 

With a view to determimng the A'^anation of the incidence of filanal infection 
in these villages the findings of the present sim^ey were compared with the figure' 
^ of the previous years (Fraser, loc cil ) m Table III — 


Table III 

The microfilaria lales of the different milages 

VrLLAGE 


Year 

1 Nnidal 

Robipur 

I Tilka 

1 

Bhiibanbor 

Pawda 

Lakhipur 

Ehachora 

1934 

1 

[ 

I 




118 

1938 

30 4 

17 8 

1 

71 

7 1 1 

53 



1941 

28 2 

18 9 

65 

07 

4 0 

09 

63 
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The above figures do not show any increase in the incidence of the infection 
in these villages On the other hand, a comparison of the disease rates of the 
different villages shows that there is an increase in the number of cases of filarial 
diseases in these villages in 1941 (Table IV) The infection does not appear to 
haie evtended to neighbouring villages so far — 

Table IV 

The mmbeT of cases of jiJanal diseases {elepJinvhasis only) 
m the different villages 


Tear 

VlU-AOE 

Naidal 

Robipnr 

Tilkn 

BhubRn1)or 

Pawdn 

1938 

1 

1 

2 

9 

4 ' 

3 

1941 

' 29 

♦ 

i 3 

\ 

23 

0 

12 


In Ehachora there were 16 cases of elephantiasis m 1934 in a population of 
396, while 33 cases of elephabtiasis were found out of 247 persons examined m 
1941 

Mosqotto subvey 

The followmg species of mosqmtoes were found in these i illages dunng the 
period The specimens mcluded wild mosqmtoes caught from houses in the 
villages during the collection of blood smears, and those bred out from lan^je and 
pup® collected from ponds and other water collections m the area They were 
landly identified by Dr MOT Iyengar d sc (Madras) Entomologist, Public 
Health Department, Bengal, and by Dr I Pun, ph d (Cantab ), Entomologist, 
Malaria Institute of India, Delhi 

They are Mansonoides amnihfera, M wnfontns, M ivdmiia, Ciilex 
faligans, C inshitui, C (nteenorhyncus, C gehdus, C sp ^dimorphus texaiis, 
Armegeres ebturhans, Banksiiiella hneatopenius. Anopheles hyrcanits A subpicHis, 
A jKilhdiis, A hyrcamis var ingerninns 

The mansonoid^ species were, found to breed on Pistin plants (Pistia strahotes 
Lmn ) and on ‘ Dol ’ grass {Saccwlejms mternipta Stapf Syn Pamaini vitemipivvi 
iVilld ) in these \ illages 

It IS interesting to note that Culcx fahgans was found onlv m one milage, 
Lahlupur, and in no other area in these gardens 

One remarkable fact obsen ed durmg the surs ev was that milages situated 
m the midst of extensnely cultnated land, such for example as Lakhipur, 
Bmakandv and Hatikuri, were practically free from filanal mfection , on the 
other hand, a illages situated m the midst of swampv areas, e g Xaidal, Tilka 
Kobipur and Ehachora, showed a high mcidence of filanal infection 
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Summary 

A Jil.anal survey of rune milages m the tea-gardens of Lakhipur andBmaUndy 
in the south-east of Cachar district was carried out The infection was due mainly 
to Wncheieria malmji infection The lesions were characteristic of wmJayi in 
fection, elephantiasis of the extremities being the only type of disease present 
in the area There was no case of affection of the genitals nor of chyluna In one 
village, VIZ Lakhipur, there "were cases of both haitcrqfh and mahyi infection As 
regards the distribution of the infection in the sexes, no marked difference was 
noticed in the case of either of these infections 

The infection rate, when conipaxed Mith the figures for the previous years, 
was seen to remain steady, while it was observed that there was an increase m tte 
number of cases of filarial diseases over previous years, m all the endemic villages 
The infection does not appear to have spread to the neighboimng villages so far 

One remarkable fact observed during the survey was that villages situated in 
the midst of extensively'’ cultivated land were practically free from filarial infection, 
while villages situated in the midst of swampy areas shoned a high incidence of 
filarial infection 
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The study of gastnc acidity is of great importance m the diagnosis of a variety 
of pathological states, and is bemg mcreasmgly employed m cluneal practice, in 
cases not only mvolvmg the gastro-mtestmal tract, but also m all cases of anasnua 
The alcohol test-meal has largely replaced the old gruel meal for this purpose 
Records of normal gastnc response to the alcohol test-meal m Indians are com- 
paratively few and hence the present investigation was undertaken to study the 
gastnc acidity m the inhabitants of the Umted Provunces m health and some 
pathological conditions 

Prevhous work in India 

The work done m India on Indians is briefly reviewed 

McCay m about 1918 was the first one to do some work on the gastnc acidity 
of Bengalis He found that an average nce-eatmg Bengali showed a low gastnc 
acidity Bhatt (19301 attempted to estabbsh an Indian standard curve of aciditv 
and found no significant difference in the acid-secretors resnonse of Indians as 
compared with people m the west Bhattacharvya (1933) confirmed JlcCav’s 

( 351 ) 
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findings of n ]oa\ acidit} in Bengalis Giijifa (1033) studied the general level of 
gastric acidity in various t\ pcs of anainiias Bhaniiendra and Napier (1935) and 
Napier and Dliarmendra (1016), norhiiig on gastric acidity in Indian asthmatics, 
found that the acidity was higher than the nonpal of the textbooks Napier and 
Dos Gnpta (1035), working on normal Indians in Calcutta and tea-garden coolies 
in Assam found that the mean acidit\ level was higher in Indians than in normal 
lduro])cans Kao (1037) coined out gastric anal} sis on 100 normal Indian males 
in Soiitli India ancl found a high level of ariditv Test-meals used by the above- 
mentioned vvoikers were all oatmeal giiicl 

Napier, Chandhmi and Kai Cliaudlnin (1038) studied the gastic aciditv hy 
using alcohol as test-meal in health and disease in India 

f 


ExrnniMrxTAL studies 

The suh}ecls — The total miinbcr of subjects in\ ostigiitod m the present senes was 121 Tbav 
belonged almost cxcluswcly to the two major eommumtics Tliere were 19 women to 10- men a 
proportion in nhich the two sexes usnnlh seek hospital aid The subjects ranged from youngM 
of 18 vmars to oldest of 70 years 

Sevont^ fi^e cases out of 121 hn\o been taken to represent normal Care was taken that none 
of these patients had nni sign or symptom pertaining to the gastro intcstmal tract, nor were 
nnnemio They had been admitted into the hospital with complaints unconnected with mc ^ 
tract Cases of gastro intestinal disorders and nmemia lian o been classified under those nea i 
A comparison was also made, in the present mvcstigntion, of the response m n given indivian 
the two types of test meals, nnmch ‘gruel oatmeal’ and ‘ alcohol test meal’ Twenty nine 
apparently healthy were gi\cn both types of meal at an interval of n few dnv's 


Compantltve resulfs mth alcohol ami gntel iest-vieals 

The use of tlie alcoliol test-meal in gastric analysis is a comparatively recent 
procednxe, while gruel has been in use for over 20 years In spite of the man} 
techmeal advantages in tbe use of alcohol as a test- meal, there are still nm 
climcians who wonder liow far alcohol is preferable to gruel as a 
gastric mucosa It has been our experience that on a good many occasions 
the patient showed poor or no response to tbe alcohol te^t-meal, cbnicians 
insisted on a repetition of tbe test with gruel This showed clearly a 
attitude towards the value of the alcohol test-meal Therefore, m the 
present investigation, 29 cases were given both alcohol and gruel on amer 
occasions before a gastric analysis was done ^ 

The gruel test-meal has a number of disadvantages for instance, th^e 
dijSicultv in swallowing such a bulky tasteless meal, the difficulty which the ope 
always experiences in drawing the samples and the time taken m 
various specimens before they are fit for chemical analysis Napier ef of ( 
thought that a pint of any flmd is sufficient to dilute gastric juice appiecia y 
to lower the readings in the first hour The alcohol test-meal which 
100 c c of 7 per cent alcohol obviates all these disadvantages The , 

no tune m preparation, it can be stocked for use when required, it can be P 
directly mto the stomach through Ryle’s tube, little or no dilution o § 
juice takes place, the specimens can be drawn m hulks of 6 c c or 10 c c wi 
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any risk of the holes of the tube being blocked, the specimens obtamed are clear 
and can be used for chemical analysis yuthout any preliminary filtration Alcohol 
has been found to be a good stimulant to the gastric mncosa The only objection 
raised against the use of alcohol as a test-meal is that it is not a natural stimulant 
for Indian patients but it can be seen that the gruel test meal is also not a natural 
gastric stimidant 

Techviqi e 

In the pr(«^nt senes all the 121 cases were )fi\en 100 c c of 7 per cent alcohol No prelunmarv 
preparations were made The patient had his usual meal on the preceding evening All tests were 
done m the forenoon on an empty stomach 

Analysis of the various specimens was clone bv titration with X'20 caustic soda Tho results 
were evpressed on the basis of the amount of N/lO NnOH required to neutrabze the acid free and 
total present m 100 c c of gastric juice at a given moment The reason for usmg X 20 XaOH was 
that b\ using a weaker solntion the chances of error in titration are lessened and more accurate results 
are likely to be obtamed 

Indicators used were the usual Topfer s reagent (0 5 per cent *»olution of dimethvhimino benzene 
m alcohol) and’ 1 per cent solution of phenolphthalem in alcohol 

Only free aciditv will be considered Total aciditv was also estimated, but as in almost all cases 
it mns more or less parallel with free aciditv no reference will be made to total aciditv 

Table I gives tbe mean acidity figures (expressed as usual m terms of 11,10 
FaOH per 100 c c of stomach contents) m 29 cases arranged according to 15- 
mmute internal after remoyal of fasting contents — 


Table I 


Time of 
withdrawal 
of specimen 
in hour 

Mean average 
with alcohol 

Mean average 
with gruel 

Maximum 
aciditi with 
alcohol 

Maximum 
aciditi with 
gruel 

Fasting 

13 6 

124 

1 12 

1 

GO 

1 

' 15 3 

94 

1 

72 

04 

1 

30 5 

IS 7 ‘ 

i 

^ 94 ' 

72 

1 

4 

' 30 9 

2S4 

t 

115 

90 

1 

37 9 

' 32 4 

113 

SS 

n 

3S0 

1 33 4 

lOS 

SO 

H 

3S3 

1 30 5 

1 

112 1 

SO 

1? 

31 7 

1 10 5 

1 

90 ' 

90 

o 

1 

31 ■> 

1 

' 25 3 

SO 

1 

' 90 

21 

1 

21 1 

! 20 0 

70 

SO 

21 

1 10 1 

12 1 

1 

75 I 

70 

03 

- i 

1 " 

41 

' ^0 

00 
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i\reaii and maximum acidity figures after the gruel and the alcohol test-meals 
are plotted in Graph 1 — 

Graph 1 



Showing mean and maximum acidity after gruel and alcohol 
test-meals m 29 cases 


The time of first appearance of hydrochloric acid and the time of attainmen^ 
of highest peak of acid were also studied with two types of meals It 
out that both types of meals produce an almost similar mean average curve ^ 
anythmg, alcohol appears to be a better gastric stimulant for the fol oivinn 
reasons — 

1 Maximum response with alcohol ranges between 70 and 115, while witl 
gruel it ranges between 60 and 96 

2 In 66 per cent of the cases the first appearance of free acid gj. 

minutes after admimstermg the alcohol test-meal, while with gruel only 

cent cases show the appearance of acid after 15 minutes 

, 3 With both types of meal the highest peak is reached in -80 per cent of cns 

by the end of U hours 
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Acid RESPO^SE in normal individuals after alcohol heal 

The alcohol test-meal was done on 75 patients Care was taken to include 
in this senes only cases who had no sign or symptom pertaimng to a disturbance 
of the gastro-mtestmal tract All of them had good appetite, no pain preceding 
or following food, no history of hsematemesis or melsena and no vomitmg Cases 
of amemia were excluded from this senes 

Table II shows the mean and maxunum acid secretion after alcohol test-meal 
m 75 normal cases — 


Table II 


Tune of 
sample m 
hoar 

1 Mean acidity 
figures 

Maxunnm acidity 
figures 
' (aU cases) 

i 

Maximum acidity 
figures 

(88 per cent cases) 

1 

1 

Fasting 

14 2 

1 

1 

72 

I 

1 

1 oS 

1 

‘ 213 

1 

1 no 

72 


1 31 G 

112 

72 

1 

i 

3G 2 

118 

1 

84 

1 

) 400 

108 

72 

U 

37 7 

1 

, no 

1 ‘ 

' 1 

1 SO 

n 

1 

j 3GS 

1 

1 112 j 

1 

1 80 

H 

1 

! 33 0 

90 

70 

2 

' 2S0 

90 

85 

-d 

25 b 

j 92 

b5 

21 

19 5 

1 9C 

75 

■>1 

u. 

1 

05 

02 


1 

72 1 

1 90 

80 
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Graph 2 



After Mangahl and olheit, U P 


Show iHR acid response in 73 cases after alcohol test meal 
a — jMean acidity 

l> — 3Ia\imura acidit 3 in 88 per cent cases ■ 

c — ilaxiraum acidit 3 m 100 per cent cases 


Table II and Graph 2 bring out the follotving points — ' 

1 Absence of an initial fall of acidity, which has been observed hi 
workers Eao (loc cit ) and Napier el al (loc ent ) found an initial fall o 
soon after giving the meal in their normal cases In this series, there 
initial fall of acidity Looking at the individual figures of acidity, 
after giving the test-meal, it is found that out of 75 cases, 21 show an n 
fall, while the others do not show such fall Some cases do not show 
acid in the fasting specimen, while the first specunen taken after 1 
shovs a good acid response It appears that this absence of imtia 
acidity IS due to alcohol acting as a powerful stimulant brmgiug forth go 
response v Inch neutralizes the diluting effect of ICO c c of alcohol 

2 Some normal iiidmduals show marked h}^erchlorhydria ^^”*^->^'{ip]cr 
shoved acidity ranging over even the high normal limits classified ) 
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el al {he Git ) and Bell (1922), and reaching such high figures as 112 This is 
all the more significant, when it is realized that none of these patients had any 
evidence of disturbance pertaining to gastro-mtestmal tract 


COMPAKISON WITH OTHER WORKERS’ REStTLTS 

Graphs showing gastnc acidity, have been published by Napier et al (1935, 
1938) m Indians in Calcutta and Bengali males Rao {Joe cit ) published ‘ a com- 


Graph 3 

F 2- i. 5. |i. |i. I— 2— 2— 

>^4 a 4 ihr *4 'z 4 2hr ^4 ‘z 



Showing range of aciditv in 100 110(11031 Indians terted 
with gruel 

(I — Composite cuno of mean acid \nluc^ 


positc curve of acid \alucs ’ and graphs ‘ shovung lanations maciditi of gastric 
pnee ’ in Madrasi Indians M e reproduce below the gnpJis of these workers as 
dso that of R^le (1926) on English subjects (Graphs 3, 4, 5 and G) The number 
of cases in each senes as nell as the nature of test-meal used has been mentioned 
below each graph 



358 


Gaslric Acidity luiih Alcohol Test-Meal 


Graph 4 



After Napier and Da^ Chipla (1936), Indians 
in Calcutta 


Showing range of acidity in 14 coses tested at Calcutta 
With grue] 

o — ^Llean acidity curve 


Graph 6 

111 A \1 

4 Z 4 Ihr 4 2 4 2hr 



Showing range of acidity in Bengali males (89 
cases) with alcohol test-meaL 
a — Mean acidity curve 
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Graph 6 



After Ryle (1926), England 


Shovnng range of acidity m 100 Engbshmen tested with 
gruel 

a — Range m 80 pet cent case» 


A comparative perusal of these graphs shows — 

1 The mean fasting acidity m our senes is 14 2, m Indians in Calcutta 16 
(Napier and Das Gupta, loc cit ), in Bengab males 14 6 (Napier el al ,loc at) 
and in Madrasi Indians 22 (Eao, loc at ) 

2 The range of initial acidity shows marked differences In Eyle’s 
senes, it ranges from 0 to 23 in 80 per cent of cases and from 0 to 62 in 
all cases In Kao’s series, it ranges from 0 to 50 m 80 per cent of cases, and 
0 to 65 in all cases In Napier’s two senes it ranges from 0 to 35 In our 
scries, the range of imtial acidity is higher — 0 to 58 in 88 per cent of cases, 
and 0 to 72 m aU cases On the whole, the range of imtial acidity seems to be 
on the higher side in these provmces, and more closely comparable to Indians 
in Madras 

d, MR 


12 
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3 Comparibon of nmxiniuiii acidity can be best seen from the following 


table — 

Senos 

Our scne^i (nlcoliol) 

Eyle (1020) (gruel) 

Rao (1937) (gruel) 

. 

Napief and Das Gupta (1936) (tmiel) 
Napier et al (1938) (alcohol) 


Cases, per 
cent 

Jlnximum 1 
ncidity 

Tune in 
hour 

t 

8S 

I ' 

8“) 

1 t 

2 

100 ' 

i iis i 

J 

so 

1 

47 

U 

100 

100 

2 

80 

Cl 

u 

100 

1 108 

2 

100 

1 '^0 

21 

100 

1 68 



On the whole, maxiniuin acidity seems to be higher m these p^o^^nce8 
4 Mean acidity curves could also be compared on the same basis — 


1 

Senes i 

1 

Jlcan fasting 

1 

1 

Mean highest 

1 

Tune in hour 

Our senes (alcohol) 

14 2 

40 

1 

Rio (1937) (gruel) 

22 

42 

O 

Napier and Das Gupta (1936) 
(gruel) 

16 

40 

21 

Napier cl al (1938) (alcohol) 

16 

' 30 

1 1 

2 


No mean acidity cur\o has been worked out by Ryle 

The highest mean acidity of this senes seems to be very close to that of 
gruel-tested cases of Rao {loc cit ) and Napier and Das Gupta {loc cit) 
the meals used were different The highest peak, however, is reached one 
earher in alcohol-tested cases Comparmg alcohol-tested cases of Napier e 
{loG ) in Bengal with ours, we find mean acidity m the United Provinces 
be on the higher side 

5 The general contour of mean acidity curve of our senes differe fr^ 
those of other v orkers in India in having (o) no initial fall of acidity, (o) ear i 
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maximiiin peak, botk differences being attributable to alcohol furnishing better 
gastnc stimulation 

Classification of norsial cases according to their acid response 

Bell {Joe cit ) established arbitrarily certain groups accordmg to the range 
of maximum acid response showed by individuals Napier el al (Joe cil ) also 
adopted au arbitrary groupmg to classify their cases Table III gives the classi- 
fication given by these authors — 


Table III 


1 

1 

Groups j 

1 Xnpier'fi c c 

1 

Bell’s, c c 

1 

I 

Hj perchlorhydria 

0\cr 05 

1 

1 Over GO 

II-o 

High normal (H) 

Over -15 

, Over 30 

ns 

Avomgo normal (JI) 

25 to lo 

, Under 30 

He 

Low normal (1 ) 

Under 25 

j Under 20 

nr 

Hypochlothydna 

Under 10 i 

Under 10 

ly 

Achlorhvdria 

No free HO 

No free HCl 


Napier has further subdivided group IV (achlorhydna) mto — 

A Tested with histamine 
Al "With acid response 
Ao "Without acid response 
B Not tested with histanune 

It will be seen that the limits fixed by Napier are distmctly higher than those 
of Bell The difference does not seem to be matenal as both groupmgs are 
arbitrary in nature We propose to classify our cases according to the groupmgs 
suggested by Napier It will gi\ e us an added advantage of bemg able to compare 
our findings with that of Napier’s and to see if any significant difference is observed 
in the two series 

Acid response in Hindus and Mohamtnedans — This was compared by studying 
the distnbution of cases of both commumties m i anous acid groups No sigm- 
ficant difference could be brought out It was noted, howe\er, that in both 
communities, the uumbet of isochlorhydiics is about TO per cent 

Gastnc acidily in the tico sexes —Graph 7 gl^ es the mean acidity figures in 
males and females It shows a higher mean acidity in males Analysis of data 
obtained also showed that hyperchlorhydna is twice as common in men as m 
women The incidence of achlorhydna was found to be equal in the two sexes 
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Napier ct aJ (loc cit ) found hyperchlorliydna three times as common amongst 
males as in females 

Gkaph 7 

pill 1-1- li 1^ 2- 2- 2- 

4 2 4 Ihr 4 2 4 2hr 4 2 4 3hr 



• — Jlcan aciditj in males 
, , „ „ „ females 

Sliowing mean aciclitv fignrea in males and females (75 cases males 
02 , females 11) 


Influence of diet on gastric acidily — Acid response in vegetarians and non 
vegetarians was studied and no difterence was found This is not siuprising in 
view of the fact that this distinction is more apparent than real, both hving on 
more or less the same type of staple diet, except that the non-vegetarians take 
meat occasionally Graph 8 brings out the exact similarity in the acid response 
of vegetarians and non-vegetarians 


Graph 8 



Shoinng mean acidity figures in vegetanons (34 cases) and 
non vegetarians (41 cases) 
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Infl^ience of age on gastric acidity — The distribution of cases (males and females) 
into vanous acid groups according to their age was studied It was found that 
inth the mctease of age the incidence of hyperchlorhydna mcreases, while in 
the age group of 20 years there were 26 per cent hyperchlorhydncs, at the age of 
40 years the incidence increased to 35 per cent Conversely, if the low acidity 
groups are taken together, their incidence decreases with increasing age group 
These findings are m complete agreement with those of Napier et al {loc cit ) 
IN ho also found increase of hyperchlorhydncs with increasing age 

Time of first apjiearance of hydrochloric acid — This was studied in 70 cases, as 
5 cases showing complete achlorhydna ha\ e been excluded In 88 per cent cases, 
hydrochlonc acid appeared within half an hour of test -meal This compares 
well with findings of other workers Ryle found the first appearance of acid 
wnthin half an hour in 75 per cent of then- cases Gupta (loc cut ) found 64 
per cent of his normal cases showing presence of hydrochloric acid m the first half 
hour Bhatt (Joe cit ) found first appearance of hydrochloric acid m 64 per cent 
of cases during the same period The higher percentage of persons showing earlier 
acid response in our series is due, in all probability to a better gastric stimulation 
bv alcohol 

Time of ‘ acid peal ’ in 70 cases on a percentage basis, was found to be 
as follows — 

(t) Twenty-seven per cent of cases show niavimum acid peak at the end 
of one hour 

(it) Fifty-one per cent of cases show acid peak from one to one and a half 
hours 

Table IV gives a companson of time of maximum ‘ acid peak ’ accordmg to 
various workers — 


Table IV 


Workers 

o 


ileal H'led 


Time of maximum 
arid response 
in highest 
percentage m hour 


Rvlc (192G) Gruel Ii 

Bliatf (1930) * , 11 


Gupta (1933) „ Ij 

■Napier rl al (193S) \lcoliol J 


Our series 


1 
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Napier rt al (loc cit ) found liypcrclilorhydna three times as common amongst 
males as in females 

Graph 7 



• Menn nciditj in mnles 

„ „ „ fcnmlcs 

Showing mean nculit\ figures in males and females (75 cases males 
1)2 females IT) 

Jnfluevee of (het on gasUic acnhly — Acid response in vegetarians and non 
vegetarians was studied and no difference was found This is not surprising u 
view of the fact that this distinction is more apparent than real, both hving on 
more or less the same type of staple diet, except that the non-vegetanans take 
meat occasionally Graph 8 brings out the exact similarity m the acid response 
of vegetarians and non-vegetarians 

Graph 8 



• Mean acidity in vegetarians 

• — ^ „ non-vegetanans 

Sho\v]ng mean acidity figures in vegetarians (34 cases) and 
non vegetarians (41 cases) 
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although there are some people T\ho do not favour the use of a toxic drug like 
histarame, the consensus of opimon is that histamine furnishes an excellent gastric 
stimulus, vhereby it can be demonstrated that true ‘ achlorhydria ’ or ‘ achyha 
gastnca ’ is a comparatively rare occurrence 

In the present senes of 121 cases the distnbution of achlorhydna vas 
as follows — 



Total number 

1 of cases 

Number of 
! cases showing 
achlorhydna 

1 Normal 

' 75 

1 5 

2 Dt'eases — 

40 

12 

(o) anamias 

, 23 

0 

(6) gastro mtestmal 
le3ion« 

23 

1 


Table V shows the distnbution of cases showing achlorhydna — 


Table V 



Total 
number 
of cases 

Number 
of cases 
showmg 
achlor 
hvdna 

No and j 
response j 
after | 

histamine 

Acid 
response 
j after 

1 histammc 

1 

Oiuld not 
be tested 
with 

histamine 

Normal 

75 

5 

2 


3 

An-emia 

23 

n 

3 

4 

2 

Castro mtestmal 

23 

3 

1 

1 

1 

lesion 






Torn 

121 

17 

6 

1 

1 ^ 

G 


Achlorhydna has been subjected to a critical re^ lew by Olu er and Wilkinson 
(1933) Thev quote the figures gi\en by other authors as follows — 

‘ Bennct and R\le (192(i) found achlorhydna in onlj 4 per cent cases of their normal senes Dahl 
Iverson per cent vnth achjha in 12S normal persons Baird Campbell and Hem observed 1 

j students while Appcrley and Semens found S m a group of BO similar subjects Rehfuss 
iF* and Chenev (1920) are sceptical about the occurrence of normal achlorhydna and they belicye 
that It may be the forerunner of scyeral yital ailments Bloomfield and Keefer believe that 
occurrence of achlorhvdna is quite common without cluneal significance ’ 

In Kapler’s senes the total incidence of achlorhydna is 13 out of 209 cases, 
which IS less than 6 per cent In the present senes, 17 cases showed achlorhydna 
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with alcoJiol (Si\ cases could not he tested Instanune iilnle 11 tasesiveic 
subjected to Instamine test, out of wliicli 5 sllo^\ed the presence of hydrocHonc 
acid If the response to histamine in 6 untested cases bo considered to be 15 
per cent as in 1 1 tested cases, tlie incidence of achlorhydria is 9 3 in 121 cases, vrliici 
IS about 7 7 per cent By the same method of deduction, one finds tlmt in the 
present senes of 75 normal individuals the incidence of histaimne-fast achlorhydria 
will work out to 6 per cent 

From the above analysis of aclilorhydria, it seems that cases of apparent 
achlorhydria, when tested by histamine, show acid response in about 50 per cent 
In other words, the incidence of true achlorhydria which should alone be taken 
to mean achlorhydria is about 50 per eent of apparent achlorhydna It seems 
unjustifiable to label a case as ‘ achlorh"^ dria ’ unless subjected to the histamine 
test-meal 

Gastric response in the disorders of gastro-intestinal tract 

AND ANjEMIAS 

In all 46 cases v ere examined and they could be divided into tn'o groups — 

Gioitp A — Cases m which predominant symptom was disturbance of the 
gastro-intestmal tract (23 cases) 

Group B — Cases in which anaemia was the predominant condition This 
group was fuUy investigated as regards the blood picture according to modern 
haamatological technique and comprised 23 cases 

These groups are dealt vith separately 

Group A — Cases of gasU o-wleshml disorde) — These cases could be clistnbuted 
into the various acid groups laid down before as follows — 


Table VI 



Number 
of cases 

1 

Hyperchlor 1 
h3'’drin | 

1 

1 

ISOCHrOKHYDKH 

Hypochlor 

hj'drm 

j AcHLOKIO WU'' 

Diagnosis 

H ' ’ll 

1 ! 

1 ^ ’ 

i 

1 ^ 

V 


Peptic ulcers 

14 

1 

t 

4 1 

1 

1 1 

1 





Sprue 

4 

‘ 1 

1 

1 

1 


1 

1 

I 

Growths 

2 

1 

1 

I 


' 1 




Undiagnosed 

3 

f 

i “ 1 

1 

1 

) 







The majority of patients with peptic ulcer showed either h)qierch or 
or isochlorhydna of the high normal tjqie Active peptic ulcers may 
patible with normal acid response, but not compatible with hypo® 

achlorhydria 
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6^st^lc acidity in spnie was found to be vamble The test-meal showed 
hyperchlorhydna in one case, isochlorhydxia m another and achlorhydria m two 
one of which proved to be histamine-fast Fairley (1930) found free hydrochloric 
acid with ordinary test-meals m 30 cases out of 44 m the senes Vaughan (1936) 
found 5 out of 18 cases havmg histamme-fast achlorhydria The achlorhydrics 
recovered the power of secretmg acid during remission Gupta (loc cit ) found 

2 cases of sprue with normal acid response, one showmg hypochlorhydna and 

3 showmg achlorhydna — not tested with histamme 

Group B — Gastric acidity and the anwimas — In this senes 23 cases were 
exammed and they have been classified mto the vanous acid groups as given m 
Table ITT — 


Table VII 


T\’pe of anTinia 


§ 

C 


c 


X 


o 


>> 

JZ 

g 


c. 

K 


Achlobhydria 


c 

s 


O o 

S's 
d = 




•3 S 

i 

w 

O " 

X 


I Macrocytic hyperclironuc 

12 1 





1 

1 

(a) Permcions antenna 

1 ! 

- 

- 

- 

1 

- 1 - 

(6) Tropical macrocytic 
nn'emin 

11 

— 1 

t ^ i 

3 

1 

— 

4 — 

1 

n ^hcrocvtic h}’pochromic 

11 

1 

1 

1 

I 




(a) Antylostomiasis 

7 

1 

2 ' 

3 

- 

1 

1 1 
i - ' ' 

(b) Bleeding piles 

1 j 

1 

1 

- 

- 

~ i ~ 

(c) Cause not known ^ 

1 1 

- 

1 

1 

1 1 

1 1 

— 1 1 

i 


Gastric acidity in macrocytic anwmias — Only one case satisfymg the cardmal 
features of Addisoman pernicious amemia was met with m this senes which 
showed histamine-fast achlorhvdna 

Eleien cases of tropical macrocytic auBemia were exammed Four cases 
showed isochlorhydna, 3 hypochlorhvdna and 4 showed achlorhydna vith alcohol 
test -meal, “which on subsequent exanunation with histamme showed secretion of 
free hidrochlonc acid One case out of these showed blood picture of macrocytic 
hvperchromic amernia, achlorhvdna on three occasions with the alcohol meal 
and signs of imolvement of the postenor and lateral columns A diagnosis of 
\ddnonian permcious an'emia had to be gii enup, when on subsequent examination 
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with histamme It showed free hydrochloric acid The patient responded to 
treatment woth Marmite m a marked way The case is interesting in so far as 
It shows neurological manifestations in a case of tropical macrocytic anemia It 
rmgs out ver}^ clearly that apparent achlorhydria is not to be accepted at 
histamm^^ ^ labelled as achlorhydric unless confirmed 'vatli 


. 1 T proper gastric analysis is very valuable in the differential diagnosis of 
Acloisoman pernicious anaemia and tropical macrocytic aniemia 

Wills (1931) mtroduced the term ‘tropical macrocytic antemia’ She 
inguis ed this disease from true Addisonian permcious anaemia by (a) the 
presence o free acid in gastric secretion ( 6 ) a negative indirect van den Bergt 
reac ion, (c) an increase in the white cell count and (d) absence of neurological 
^ptoms In our evpenence, as also Napier’s {loc at ), the results of van den 
erg reaction are variable in tropical macrocytic anaemia I^Tide some cases 
s ow a negative van den Bergh reaction, others, perhaps m larger number, show 
a positive indirect reaction Neurological manifestations are distmctly rare in 
ropica macrocytic anaemia Agam, all cases of permcious anaemia do not show 
evidence of involvement of posterior and lateral columns of the cord 

It seems reasonable to conclude, therefore that the one reliable guide to 
IS mguish between true Addisoman permcious anaemia and tropical macrocytic 
anmmia is the presence of histaimne-fast achlorhydria m the former It stresses, 
once again, the importance of the histamme test-meal m cases of achlorhydria 

Gastric aadxty %n microcytic hypocliTomic ancBTuia — In all, 11 cases were 
mves igated in this group In 7 the cause of ansemia was infection with 
an^ostomes and m 4 the cause of ansemia could not be determined The 
distribution of these ca^es was as follows 

Hyperchlorhydncs (above 65) 2 cases 
Isochlorhydrics (from 45 to 10 ) 5 cases 
Hypochlorhydncs (from 10 to 0) ml 
Histamme-fast achlorhydrics 2 cases 
Achlorhydrics without histamme test 2 cases 

It would seem that the relation of the gastric acidity and hypochromic 
mmrocytic ansenna is very variable The cases seem to be nearly equally distnbu 
e in t e various acid groups The fact worth stressmg seems the presence 
ot histamme-fast achlorhydria m 2 of these cases , one being a case where 
anJ^lostomasis was the setiological factor, while m the other no mtiological factor 
CO e discovered The relation of hastarmne-faBt achlorhydria and microcytic 
5 T^oc roirnc ansemia is very well known In cases where no apparent cause for 
18 ype o ansenua is discoverable and the patient has histamme-fast achlorhydna, 
e ^ 8 ua diagnosis made is idiopathic hypochromic ansemia (Witts, 1930 , 1931) 
Une of these 2 cases appears to belong to this group In the other case, where 
ar^lostomiasis was the causative factor, it is justifiable to postulate that 
achlorhydria aggravated the deficiency state, leading to ansemia Achlorhydna 
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IS vrell known to cause loss of appetite for iron-containing foods sncli as meat or 
<rreen vegetables The absorption of iron is probably dimini shed in the absence 
of free hydrochlonc acid, and lastly to quote Vitts (1931) ‘ achlorhydria is often 
associated with other signs of asthemc diathesis m which ansemia so readily 
occurs ’ 


SUMIIARV AXD CONCLUSIONS 

1 ^Fractional gastric analysis with alcohol as the test-meal has been done 
on 121 persons of the Umted Provinces 

2 The alcohol test-meal and the gruel test-meal have been used on the same 
individuals in 29 cases A comparison between the gastric response to alcohol 
and gruel meals respectively showed that alcohol is an equally good or perhaps 
a better and more powerful gastric stimulant 

3 "With alcohol as a test -meal the gastnc curve is characterized by the 
absence of an initial fall m aciditv after givmg the test-meal A possible explana- 
tion of this findmg has been discussed 

4 formal acid response in Indians m these provmces has been compared 
to Indians residmg m the provinces of Madras and Bengal, as also with the acid 
response m Enghshmen as reported bv Ryle 

5 Gastnc analysis on 75 normal mdividuals showed that, on the whole, the 
acid response m Indians of these provmces shows higher mitial and ma ximum 
acidity as compared with Indians in Bengal or Madras 

6 The distnbution of the normal cases has been classified accordmg to (a) 
community, (6) sex, (c) dietetic differences, and (d) age 

(fl) There is no significant difference in the gastnc response of Hindus and 
Mohammedans 

(6) Hyperchlorhydna seems to be more co mm on m males 

(c) Dady diet does not influence the gastnc response as judged by the study 

of gastnc acidity m vegetanans and non-vegetanans 

(d) Increase of hyperchlorhydna with mcrease m age has been noticed 

7_ In 90 per cent cases the time of first appearance of hydrochlonc acid 
seem^to be withm first half on hour of test meal 

8 Maximum ‘ acid peak ’ m the majonty of cases is reached within one 

hour 

9 The average fasting stomach contents work out to 30 c c 

10 Incidence of achlorhvdna in normal indmduals as well as m diseased 
persons is discussed The incidence of histamine-fast achlorhydna m 75 normal 
cases works out to about 6 per cent 

11 A studv of gastnc acidity on 46 patients, suffenng from gastro-mtestmal 
disturbances and anaimias has been made Fourteen cases of peptic ulcer 
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i cases of sprue and 23 cases of \arious t}pes of auoemia have been studied 
The t 3 ’]pe of response in various conditions has been discussed 

12 The use of liistannne in cases of apparent achlorhydria is stressed, 
especially as it seems the only reliable method of distinguishing tropical macrocytic 
anaemia from true Addisonian permcious ancemia 
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e 

Foe the biological assay of a tOYOid two methods suggest themselves 
(1) Measurement of the tolerance to toxm of selected test animals immunized with 
the toxoid or (2) measurement of the antitoxm content resulting from such an 
immunization The latter method has been laid down in the Regulations under 
the Therapeutic Substances Act, 1939, for determinmg the potency of tetanus 
toxoid for human immunization There is, however, no experimental evidence in 
literature showmg the comparative value of the two methods The following 
experiments were, therefore, undertaken to elucidate this point — 

Methods 

The two methods of assay of tetanus toxoid employed were as follows — 

Determination of immunizing 'power of a toxoid by testing the tolerance of 
immunized animals for toxin — ^White mouse is employed as the test ammal 
An amount of prophylactic equivalent to half the human dose is mjected subcu- 
taneously mto more than 30 white mice of 23 g to 27 g body-weight The 
ammals are tested for immunity to tetanus toxm 4 weeks after the mjection 
of the toxoid, by subcutaneous injection of twenty defimte lethal doses of toxin 
By a defimte lethal dose is meant a dose of toxm which kills all the 4 
nuce under test, while the next lower dose, which is two-thirds the precedmg 
dose, fails to kill all of them The toxoid is held to be suflBciently potent if 
at least one-thud of the total number of mice m the herd simuves — the 
duration ot observation bemg limited to 5 days The tost is named as the 
moiise-protcclion test for comemence of expression 

Determination of immunizing power of a toxoid by testing the antitoxin content 
of serum of immunized animals —This test laid down in the Therapeutic Substances 
Act was earned out as follows An amount of toxoid five times the adult human 
J me ( 371 ) 1 
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dose IS injected sulicntfineously into more than 9 guinea-pigs of 260 g to 350 g 
body-weight Six weeks after the mjection the animals are bled and the sera 
tested for their antitoxm content, in terms of International units The toxoid ib 
held to be sufficiently potent if at least two-thirds of the total number of gumea 
pigs show not less than 0 1 International umt of antitoxm per c c of serum. The 
test 18 named as the anhgemcity test in guinea-pigs for convemence of expression 


Experimental observations 

Comparison of the two tests — ^For this purpose, three different batches of toxoids 
showing different mouse-protection value on prebmmary test were selected for the 
experiment The results are shown m Table I The rate of survival of mice 
immunized with 0 6 c c of toxoid agamst twenty defimte lethal doses of toxm, is 
expressed as the mouse-protection value Similarly the proportion of guinea 
pigs showing 0 1 International umt or more of antitoxm per c c of serum after 
injection of 6 c c of toxoid, is expressed as the antagemc value m gmnea-pigs 


Table I 


Correlation of the mouse-protection value and the antigenic value 

in guinea-pigs 


Toxoid batch 
number 

Mouse- 

protection 

value 

AimOENIO VALTTE XN OtmTEA-HaS 

1 

Ist test 

2nd test 

37 

4/30 

6/10 

8/12 

44 

9/31 

10/11 

8/9 

34C 

13/31 

10/10 

9/10 


The result shows roughly that toxoid batch 37, which fails to satirfy the 
test, barely passes the antigemcity test m gumea-pigs m the second 
Toxoid batch 44, which just fads to satisfy the mouse test, and toxoid a gggjj,g' 
which satisfies the test easdy, pass the gumea-pig test satisfactorily gjjj^ely 
therefore, that a toxoid satisfying the mouse-protection test as outhned here, is^ 
to satisfy m every case the antigemcity test in gmnea-pigs as laid down ^ 
Regulations under the Therapeutic Substances Act Thus, the metho se 
be qmte useful as a means of determmmg that the prophylactic sa i ^^ 1^03 
mmimum requirement of antigemcity The numerical figures mdica 
obtained on testing the toxoids of batch 37 and batch 44 seem to 
mouse test is more severe than the gumea-pig test When the wi e ^ ngj.jj. 
amongst ammals m response to toxoid injection is, however, taken in^ c® 
tion the real significance of such numerical figures becomes very doubtful 
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Cojnparison of the mouse mth the ginnea-pig as a test ammal stntable for toxin- 
tolerance test — ^Twenty-five gmnea-pigs of about 300 g body-weigbt and tbe same 
number of mice of about 20 g body-weight were mjected vnth 1 c c of toxoid sub- 
cutaneously Four weeks later, 6, 7 6, 10 and 16 m 1 d of toxm, detenmned on 
animals of the same species and of weight expected to be reached by the animals 
after 4 weeks, were mjected after dividmg the above mto four groups of 6 
animals of each species, successively Table 11 records the rates of survival of 
ammals after 6 days’ observation — 

Table II 

Rates of survival after injection of toxin into 
animals immunized with toxoid 


I Survival 

Dose, m 1 d 1 



j Mouse 

Guinea pig 

5 

i 

6/0 

6/6 

75 , 

3/C 

4/6 

10 

t 

1 

3/0 

6/6 

16 

1/6 

1/6 


It appears from the result of this experiment that the mouse responds almost 
as vigorously to tetanus toxoid as the gmnea-pig, if no consideration is paid to 
the dose m relation to the body-weight The importance of the dosage of 
the toxoid m relation to the body -weight is not well understood In the official 
test gmnea-pigs, which are about the body-weight of man, are mjected 
inth only one-tenth the human dose m the two dose immunization method , 
and yet they do not produce a higher level of antitoxin than is produced m 
average man 

Yariaiion in response to toxoid of small groups of mice m a big herd — This expen- 
ment was undertaken to determme the effect of the age of toxin on the measurements 
of the degree of inimumty m nnce immunized with tetanus toxoid The results/ 
obtained were, however, mterestmg otherwise 

Jlice v\ ere immunized with 1 c c of toxoid subcutaneously Eight weeks 
later thcv were tested with two different toxins— batch 12 prepared 2 months 
before test and stored m the hqmd state nnder toluol at 2'C , and batch 25 
prepared only 10 days before test and stored under the same conditions Both 
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the toxins were filtrates of 4 days’ growth of Cl (dam in Eobertson’s cooked meat 
media contaimng 0 2 per cent glucose 

Mice were grouped in sixes in each cage Those in four such cages received 
the same number of mid Eour doses were mjected 3 76, 7 5, 11 26 and ^ 
15 m I d Survival rates after 5 days of observation are recorded m Table III — \ 


Table III 


Rates of survival of xmmnmzed mice tested with different 

doses of toxin 



The interval of 8 weeks was selected arbitrarily with the theore ica 
''of allowing the immumty m rapidly responding and slowly responding an 
to level up to some extent, m the former by retrogression and m the a 


progression 

It appears to be dear from this experiment that mice differ j^tes 

then response to immunization noth toxoid Though the difference ^ 
of sumval between two groups of 24 rmce at any particular level of the 
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of toxin does not seem to be very significant, it is mterestmg to note that xatb 
a high dose of toxjn, 16 m 1 d for instance, the difference m tbe nnmencal 
figures of tbe rates of survival between two groups of 24 mice becomes nil 
This result may be due to chance or due to the big dose of toxin, ■« hich may 
co\ er much of the difference between any two groups of 24 mice by ehmmating 
all but the highly immunized mice forming possibly a more constant population 
m a herd 

The two toxins used for the test seem to have no effect m causmg any 
difference , because the survival rate is m favour of one toxm at one level of te^ 
dose, while it is m favour of the other toxin at the next level 

Vanatioyi in the result on repetition of the test — In order to check the sound- 
ness and dependabihty of the mouse test, it is necessary to test a toxoid by this 
method a number of times and compare the results to detenmne the probable 
range 6f varmtion m the result of the test 

For this purpose, toxoid batch 34C was selected for the experiment In all 
three testa were done Kesults are recorded m Table TV — 


Table IV 


Different lalues of toxoid obtained on repetition of the mouse- 
protection test 
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The result of this experiment indicates that a particular toxoid shoira a fauly 
constant immunizing value •when it is repeatedly tested by the mouse protechon 
test 

Correlation of the mouse-protection value of a toxoid and its antigmc value m 
man — ^Two toxoids, batch 37 and batch 34C, "with mouse-protection values oi 
4/30 and 13/31 respectively, ■were selected for the expenment Two doses oi 
1 c c each ■were in] ected deep subcutaneously at about 6 ■weeks’ interval 
Samples were collected about 4 weeks after the last injection and the sera 
titrated at 0 2 International umt level (Table V) 


Table V 


Result of immunization of man unth two toxoids of different 
mouse-protection values 


Number of 
volunteers 

Interval 
between Ist 
and 2nd 
injections, 
days 

Interval 
between 2nd 
mjeotion and 
samplmg, 
days 

Batch of 
tovoid 
mjeoted 

Whether 
passed the 0 2 
unit level or 
not 

1 

62 

34 

34C 

No 

2 

62 

34 

37 

Yes 

3 

62 

34 

34C 

Yes 

4 

62 

34 

37 

Yes. 

1 

6 

62 

34 

34C 

Yes 

6 

62 

34 

37 

Yes 

7 

62 

34 

34C 

Yes 

8 

62 

34 

34C 

Yes. 

9 

62 

1 

37 

No 

10 

62 

j 34 

34C 

Yes 

11 

62 

34 

34C 

Yes. 

12 

62 

34 

37 

No 

13 

62 

34 

34C 

Yes 

14 

62 

34 

37 

Yes 

16 

62 

34 

34C 

No 
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Table V — concli 


Xmnter of 
volnnteers 

Interval 
between 1st 
and 2nd 
injections, 
days 

Interval 
between 2nd 
injection and 
sampling, 
days 

1 Batch of 

1 toxoid 

1 mjeoted 

1 

t 

t 

Whether 
passed the 0 2 
unit level or 
not 

10 

52 

34 

1 34C 

Yes 

17 

64 

32 

1 

37 


IS 

52 

34 

37 

1 No 

j 

19 

52 

33 

37 

] No 

20 

52 

33 

37 

1 No 

1 

21 

52 

j 33 

34C 

' Yes. 

22 

6^ 1 

1 33 

37 

Yes 

23 

52 

33 

34C 

Yes 

24 

“ i 

33 1 

37 

No 

25 

52 

33 

340 

No 

26 

62 

33 

37 

Yes. 

27 

62 

33 ‘ 

340 

Yes. 

28 

62 j 

34 

340 

No 

29 

52 

34 

37 

No 

30 

62 

34 i 

340 

No 

31 

62 

1 

1 

34 

1 

340 

Yes 


The result bneflj summarized shows that out of 17 men mjected vath two 
doses of toxoid, hatch 34C, 12 passed the 0 2 International umt level, and 
out of 14 men mjected with two doses of toxoid, hatch 37, only 6 passed the 0 2 
umt level 

The result thus shows m a rough way the difference m antigemc 
values of the two toxoids, which showed different mouse-protection values, 
though the figures as ohtamed on a small numher of subjects are not very 
significant 

Imnmmzalion of man mth a toxmd satisfying the mouse test — mixture of 
toxoids was used for immunization The mixture had a mouse-protection value 
of 12/31 Twelve men were immunized with two doses of 1 c c each at 41 days’ 
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interval Four weeks after the last dose samples of blood were collected and serum 
titrated in mice in terms of American units (Table VI) 

Tabli: VI 


Amounts of anUtoxin produced in man immunized with a toxoid 
satisfying the mouse test 


Number 

1 

Units of antitoxin 

1 

! 

Number 

Units of antitoxin 

1 

>06 

<10 

7 

>0 1 

<0-25 

2 

>01 

% 

<0 25 

8 

i >0 25 

<0 5 

3 

>0 1 

<0 26 

!> 

1 

<0 05 

4 

>0 05 

<01 

10 

1 >01 

1 

<025 

6 

>026 

<06 

11 

>026 

<05 

0 

1 


0 6 

12 

>06 

<10 


Ten out of 12 men showed a titre more than and only two less than 
Ameiican umt (0 2 International luuts) This result supplies some additiona 
evidence showmg that the mouse-protection test can discnmmate between a us® ** 
and useless toxoid 

Discussion 

The mouse-protection test was devised on the basis of the test for potency 
of diphtheria prophylactics laid down in the British Pharmacopoeia, 1932 ® 

immunizing dose which for diphtheria prophylactic is laid down to be five mi^^ 
the volume indicated as the adult dose ’ was reduced to one-tenth m proportion 
body-weight of the mouse in relation to that of the gmnea-pig tiate 

selected was twenty lethal doses of tetanus toxin The idea was to differen 
sharply between the immune and the non-immune Allowance was made for wi^^ 
variation in receptivity of nnee to tetanus toxoid by taking a result sue as 
surviving out of 30 ammals tested as significant of sufficient potency 

Now that a test has been laid down in the Regulations under the ^ 

Substances Act, the mouse test cannot be used as a final test for passing » 
for human use Nevertheless, the test seems to be sufficiently rehable for 
tiatmg between a useful and a useless toxoid Thus, it may be apphed for pr® 
inary assays instead of the guinea-pig test, which is comparatively expensiv 
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time (at least 7 iveelvs) and animals at least 9 giunea-pigs for immunization and 
SIX times that number of mice for measunng the antitoxin content of the 
immunized ammals at one level only, for accordmg to Llewellyn Smith (1938) 
‘groups of 6 gmnea-pigs or 6 mice for each mixture should result in an 
adequate precision of testing ’ 


Summary 

1 A method of biological assay of tetanus toxoid by testing the tolerance 
of immunized white mice for a dose of toxm is descnbed 

2 It IS shown that a toxoid passing the mouse test also passes the test laid 
down in the Regulations under the Therapeutic Substances Act, 1939 

3 Further studies on some of the different aspects of the mouse test ehcited 
the foUowmg results — 

(а) The mouse is as smtable as the gmnea-pig for toxin-tolerance test 

(б) Though the nhite mice differ widely m then response to immunization 

with toxoid, it seems a big dose of toxm, such as 15 m 1 d or more, 
ehmmates the mdividual vanation by elimmatmg aU excepting the 
highly unmune mdividuals, if a large group of 24 mdmduals or more 
IS used 

(c) The measurement of the potency of a toxoid with the mouse test gives 

repeatable results withm very close bmits 

(d) There seems to be a fair degree of correlation between the mouse-protec- 

tion value of a toxoid and its antigemc value m man 

(e) A toxoid passmg the mouse test can immunize man successfully 
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NUTRITIONAL REQUIREMENTS OF PS PYOCYANEA 


BY 

N G PANDAIiAI, md, dtm, meop, 

AUD 

K RAilANUJA EAO, M sc 

{From the Bacteriology Defartment, Andhra Medical College, 
Vizagapatam ) 

[Keceived for pnbhcation, March 16, 1942 ] 

Nutrition is a basic factor profoundly influencing tbe life processes and 
unless the nutnent needs are adequately met an orgamsm rapidly tends to 
undergo vanations from the normal In ascertaimng the nutntional require- 
ments of an organism simple synthetic media afford the best startmg point 
In these the mtroduction of new factors can be accurately controlled This 
method has not been widely employed m the study of pathogemc bactena^ 
The aim of the present investigation was to construct a simple synthetic medium 
out of substances of known composition best suited for the profuse growth 
and pigment production of Ps pyocyanea, to examine further the mimmum 
food requirements necessary for its growth and metabohsm, to ascertain whether 
pyocyaneus can produce pyocyamn (blue pigment) m synthetic media devoid 
of peptones, to estabbsh whether or not magnesium ions stimulate the growth 
or pigment production and to find out the optimum pH, an important factor 
m the synthetic machmery of cell nutrition, for profuse growth and pigment 
production 

In the scale of pathogemcity Ps pyocyanea occupies only a lov. position. It 
18 one of those organisms with which the parasitic mode of hvmg has not become a 
permanent feature of the hfe cycle Far from bemg a complete parasite, it can 
casil} re\ ert to a simple free-biung existence mdependent of animal or plant hfe 
without any adaptative traimng It is therefore, a comparatively easier task to 

( 381 ) 



382 


Nvfiitional Requirements of Vs pyocyanea. 


discover what chemical units must be supplied as raw materials from whicli to 
build up its nutritional requirements 

Bxperivienlal technique — Throughout the investigation, the test-tubes used to 
grow the organism \\ ere all of the same size and of the same kind of glass and they 
were plugged with cotton-wool after cleaning thoroughly with sulphuric dichromate 
mixture Finally, they were sterilized in the hot-air chamber at a temperature 
of 160°C for one hour Into these tubes various test solutions were put by means 
of accurately graduated pipettes and afterv ards they were once more sterilized 
The chemicals used were Merck’s (guaranteed) analydiical reagents and the distilled 
water was ammoma free The same platinum loop was used throughout for 
inoculations Growth was observed macroscopically and the degree of it judged 
by the opacity Duplicates were kept in every case The percentage oi 
ingredients employed was ammonium chloride 0 15, pot dihydrogen phosphate 
0 1, sodium citrate 0 2, magnesium sulphate 0 02, ammomum sulphate Olo, 
calcium lactate 0 2 and lactic acid (re-distilled, sp g 1 21) 1, aU m sterile 
distilled water These substances were accurately weighed m a cheuucal 
balance and proper dilutions were made under strict aseptic conditions All 
possible combinations of these ingredients u ere embodied in a vanety of media 
and made in bulk, and finally constant volumes of them put m sterile test- 
tubes, as mentioned above, and sterilized at 5-pound pressure m an autoclave 
for one hour 

It should be emphasized that scrupulous attention should be paid m the cleamng 
of glassware This should be done with dichramate sulphuric acid 
Further, it was found that after everv inoculation the platmum loop after 
should be washed once or twice by dippmg m the sterile distilled water 
procedure elimmated entuely the carrying over of extraneous salts that may 
encrust on the loop during the act of flammg In the early stages of the inves i^ 
tion when this precaution had not been taken puzzbng discrepancies in the r 
were often encountered 


Nine strains of Ps pyocyanm isolated from various pathological i 

received from the Kmg George Hospital, Vizagapatam, and one from an i c 
fowl were selected for the investigation Prebimnary cultures of these s 
were made separately in tubes each contaimng 5 c c of Dunham’s peptime- ^ 
and incubated aerobically at room temperature After 24 hours’ incuba 
loopful of the culture was moculated mto 6 c c of Koser’s citrate solution m 
the organism grows profusely In the same fashion after every 24 ^ 

inoculations were made into fresh Koser’s tubes for 10 days This was o 
ensure that the inoculum was free from the last traces of peptone 
of the culture from the last Koser’s tube (10th) was mixed with 10 c c o 
distilled water From this diluted culture, the several experimental 
media w ere inoculated by means of the same platinum loop The tubes wn 
the cultures were aU mcubated serobically at laboratory temperature-H^PP 
mately between 22°C and 32°C ) Peptone-water controls were kept side y 
■with the test cultures 
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Source of 
rtrauj 


Sputum 
Ascitic fluid 
Unne 
Liver pus 
Blood 



n 
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1 1 
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1 1 

Stram 

s 

s 

o 

s 

NHjCld- sod 
citrate + 
KH,P0, 

sw 

g «=< 

■4^ • 

*3 

w 

15 

1 

NHiCl— sod ' 
citrate 4* j 
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+° 
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1 

pHl-O 

R , o 

K+r- 

Z 

Acid 

side 

pH 7 0 

pB 7-0 

1 

1 

KGH 1 

— 

Q 
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GG 
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GQG = pi 
production 


no perceptimo growth, G = «Bght growth. GQ = good growth 
profuse growth with peUicle formation ^ 


From Table I it is found that media Nos 2, 4 and 5 are Bati«dnotn,^ + 1 , 
P^ucon ot profuse grort at neutel reocu™ 0? ! 
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growth and pigment production it was 7 4 As pointed by Pandalai (1941), the 
organism produces a fair amount of alkali during growth in the synthetic media 
also and the final pH of the media was found to vary between 7 6 and 8 The 
latter limit may even be exceeded in the case of an occasional strain A com 
parison of the results in column 2, Table III, with those of column 3, Table II, 
shows that sulphur stimulates pigment production It may be supplied either as 
sulphate or sulphide 

From the results shown in Tables II and III it is clear that the addition of 
calcium lactate to media which do not help any pigmentary activity induces pigment 
production The following experiment was performed to ascertam whether it was 
calcium or lactate or both the ions that were necessary for inducmg pigmentary 
activity in such media — 


Table IV 

Effect of lactic acid on growth and pigment production 



1 


2 

Strain 

(NH4).S04 + 
lactic acid 

(NH4).,S04 + 
KH„P 04 +lnctic 
acid 


* 2 0 0 

4 c 0 

♦ 2 0 0 

4 0 0 

K GH 1 


— 

GO ? 

PP 1 

GGG 1 
PPP f 

„ 2 

— 



99 

» 3 

— 

— 

ff 

" 

4 

— 

— 



,, 5 

— 

— 


99 

„ 6 

— 

— 

f» 


7 

— 

— 

ff 


8 


— 


99 

» 9 




99 

„ 10 

— 

— 

” 

’ 


(NH«)-SO, + 

KH,P 04 +8od Peptone 

citrate+lftotio noid water 
(control), 
pH 7-0 


2 0 c 


GGG 

P 


4 0 0 


GGGl 1 GGGI 
p j ; PPP 5 


* Laotio aoid (re-distilled) sp g 1 21, dilution 1 m 100 in stonle distilled water , pTI 
to 7 4 in all using dilute potassium hydroxide solution ^ growth , 

Note = negative, no perceptible growth , G = slight growth , GG — 6° ^ment 

GGG = profuse growth with pellicle formation, j. = profuse 'growth P 

production 
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Discussion 

The existing literature on the precise conditions of growth and pigment 
production of Ps pyocyavea m synthetic media is not only meagre but also 
conflicting Braun and Cohn-Bronner (1921) and Eobmson (1932) cast doubt 
on the part played by magnesium m a medium containmg carbon and nitrogen 
sources for cell metabobsm Braun and Cohn-Bronner {loc at ) reported that 
profuse growth was obtamed m the absence of magnesium and hence it was 
not essential for growth, whereas Robmson (lot at ) could not get profuse growth 
m the absence of magnesium No reference has been made by these workers 
to the part played by the mdindual ions constitutmg the medium nor to 
the vanation of the hydrogen-ion concentration resultmg from growth and 
pigmentary activity ( Kni ght, 1938) Kurther, they did not recommend any 
simple synthetic medium well smted alike for profuse growth and pigment 
production Robmson defimtely mentioned that the amount of blue pyooyamn 
produced m synthetic media was small not comparable m any degree to that 
formed m peptone media 

In the present mvestigation. Table I shows that a medium containmg 
ammomum ohlonde and sodium citrate is imsmtable for the growth of 
Ps pyocyanea The organism cannot break down these salts to meet its nutntional 
requirements, but the utilization of these salts is rendered possible if potassium 
dihydrogen phosphate is added to the medium This observation throws hght 
on the food requirements emphasizing the presence of phosphate as essential for 
growth and the easy dispensabilitj of magnesium and sulphate ions from the 
medium In any of the media shown in Table I, the organism could not 
synthesize pyocyarun at all though luxuriant growth was observed m media 
Nos 2, 4 and 5 

In Table II, sodium citrate is replaced by calcium lactate as carbon source 
Such a change has mduced luxunant growth and the development of good amount of 
pyocyamn at the optimum pH 7 4 (medium N"© 3 in Table II) But when magnesium 
sulphate was also present (medium No 5 in Table II) conspicuous pigmentary 
activity developed, the period of mcubation m both the cases bemg the same, inz 
3 da} s Thus, magnesium sulphate is proved to ha\ e some effect m stimulatmg 
pigment metabobsm in the lactate medium From the above experiments it is 
evident that calcium lactate can stimulate pigment production m synthetic media 
and that it is also a good source of carbon Sodium citrate can, therefore, safely 
be replaced by calcium lactate 

From the observations recorded m Table IH, it is e\udent that magnesium 
ions can be dispensed mth from the s}nthetic media, for without this profuse 
growth and pigment production were both unaffected (medium No 2 in Table III), 
and, secondh , the sulphate ion was found to supply the necessan stimulus for 
pigmentary actnity In this case the grovrth as well as pigment production was 
similar to that obtaming in peptone meaia 

This prompts us to conclude tint ammomum sulphate is a much better 
nitrogen source than ammomum chloride and also that sulphur piav be an 

J, MR 0 
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essential nutritional requirement for cell metabolism This is vrell supported 
by the fact that medium No 3 in Table III, wherein ammonium sulphate w 
replaced by ammomum sulphide, provided abundant growth with pelhcle forma 
tion and pigment production 


The observations in Table IV show that lactic acid in proper diluhou can 
alone induce pigmentary activity in synthetic media without the presence of 
calcium ions demonstrating that the former is an essential requirement for 
pigment production Comparing media Nos 2 and 3 in Table IV it is seen that the 
presence of sodium citrate inhibits pigment production though it exerts no 
such efiect on groivth. Maximum growth and pigmentary activity are both 
observed at pH 7 4 wath a final concentration of 1/900 lactic acid (sp g 1 21) 
and after incubation for 3 days 


It may be repeated that hydrogen-ion concentration exerts a profoimd 
influence specially in synthetic media (free from protems) m controlhng not 
only the growth activity but also all biochemical and metabohe activities of 
Ps pyocyanea Hence the pH factor should never be overlooked The roe 
of phosphate m synthetic media may be partly one of buffer action like that 
of peptone in complex peptone media Thus, the problem of building up a 
synthetic medium for any orgamsm resolves itself into two mam factors, 
VIZ the pH factor and the nutritional factor for providing proper substrate 

The following two simple synthetic media were f oimd suitable, one for 
growth and the other for both profuse growth and pigmentary activity ® 
amount of pyocyanm produced in medium No 2 was found to stand a n 
comparison with that in peptone media — 


Medium No 1 (for growth only) — 

Ammomum sulphate 0 15 g 

Potassium dihydrogen phosphate 0 1 g 

Sodium citrate 0 2 g 

Distilled water 100 ml 

pH 7 0 

Medium No 2 (for growth and pigment production) — 

Ammomum sulphate 0 16 g 

Potassium dihydrogen phosphate 0 1 g 

Lactic acid (1/100) 80 ml 

Distilled water 100 ml 

pH 7 4 


SUMMABY 

1 The nutritional requirements of Ps pyocyanea are studied emploj^S 
strams 

2 Phosphate is found essential for growth and sulphur is found to impi'° 
pigment formation in synthetic media 
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3 Lactic acid is essential for pigment production in the synthetic media 
studied 

4 Magnesium is not essential either for groirth or pigment production 

5 Presence of proteins is not essential for pigmentary metabolism 

6 Pairly large amounts of pyocyamn are formed m a protem-free synthetic 
medium otherwise smtably adjusted 

7 A pH of 7 4r IS found the optimum for groudh and pigmentary activity 

8 Two simple synthetic media are reported one for growth and the other 
for growth and pigment production 
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A NEW 5IETH0D OF ISOLATION OF VIBRIOS FROM 
CHOLERA STOOL 

BY 

G PAJSTJA, M B (Cal ), d Bact (Lend ), 

Officiating Professor of Bacteriology and Pathology, School of Tropical 

Medicine, Calcutta 

(From the Cholera Bacteriological Inquiry, Indian Research Fund Association ) 
[Keceived for pnbbcation, March 31, 1942.] 

While searching for possible filter-passing forms of vibnos m cholera stools 
lb was found that when a sample of cholera stool is put into an L3 candle fitted into 
a wider test-tube containing peptone-water m such a position that the unglazed 
part of the candle is covered by the surrounding peptone-water and the whole is 
then meubated, vibnos from the stool grow through the candle mto the peptone- 
water in 24 to 48 hours, and sometimes a pure culture is obtamed by this procedure 
in 18 to 20 hours* Bact fcecahs allaligenes, motde cohform organrsms and late 
lactose-fermenters also grow through the candle but not so readily as the v ibnos 
Dr de Monte of this School also noted at the same time that vibnos from a 
culture could grow through the candle into a surroundmg culture medium If 
a small amount of the stool is mixed ivith peptone-water and partly aspirated 
through the candle mto the surrounding peptone-water by vacuum action, 
growth of vibnos occurs earher (18 to 20 hours) 


Samples 

Positive for 
vibnos. 


Per cent 

Firtl senes of 67 samples of cholera sfooi — 

mately 

(a) Stool mixed mth peptone ivater, put mto candle 

39 (63) 

surrounded bj peptone water 


(6) Platmg after peptone water enrichment pfo candle) 

23 (50) 

(c) Direct bile salt agar plating 

37 (65) 


* The above e.vpenincnt doe< not demonstrate that vibnos have filter passmg form* os no crowth 
« seen to occur if the cholera stool is first filtered and then the filtrate u separately incubated 

( 391 ) 
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Samples 

Positive for 
vibnos 



Per cent 

Second series of G8 sample.^ of cholera stool — 


approii 

mately 

(fj) Stool mixed ivith peptone water in candle placed in 
peptone •water 

42 

(02) 

(h) Direet bile «nlt agar plating 

30 

(63) 

Third series of 20 samples of cholera stool — 



(a) Stool only in candle plneed in peptone water (No 
peptone-water inside the candle ) 

14 

(70) 

(i) Direct bile salt agar plating 

12 

(CO) 


The above observations suggested that if some method of inhibiting the 
growth of cohform orgamsms could be included, a valuable method of isolntmg 
cholera vibrios could be evolved Boric acid was found inhibitory to cohjorm 
organisms but not to the vibrios A strength of 0 08 per cent was found to be 
smtable for the purpose The acid was added to the peptone-water and the 
final pH was adjusted to 9 0 After 18 to 20 hours’ mcubation a pure growth 
of vibnos was found in most of the samples, although turbidity was no 
noticed in many 


Vibrios were successfully isolated from only about 44 per cent of the samples 
on bile-salt agar m the dechning period of an epidemic but from about 87 per cen 
of the same samples by the candle-bonc-peptone-water method It is expecte 
that during the height of an epidemic the percentage of isolation would be even 
higher 


A comparison with other recent methods seemed desirable Dr S R Pandi 
(unpublished) gives 81 per cent positive isolations durmg an epidemic and 92 per 
cent positive durmg the height of the same epidemic by plating on a modiu 
Wilson and Reilly’s sohd medium 

A modified Wilson and Blan flmd medium (Read, 1939) kmdly supplied by 
the Bengal Cholera Field Inquiry was used mstead of bonc-peptone-water ou^^ 
side the candle The results are given below The number of stools so 
examined is small 


This new method is not differential for Inaba or Ogawa sub-types 
and non-cholera vibrios 


or El Tor 
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Soil, natural waters, broth cultures of Bad coli, Pr proteus, Bad fcEcahs, 
Ps pyocyanea, Bad typhomm, B suhtxlis etc , were artificially mixed with a small 



Isolntion of vibnos by candle bone- 
peptone water method 


number of vibnos and from such mixtures m 24 hours pure cultures of vibrios were 
usually obtamed by the candle-bonc-pcptone-water method In 24 hours, impure 
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cultures were sometimes obtained and later the number of such impure cultures 
was higher In all cases, however, vibnos were predommant 


Forty-five samples of cholera stool examined during the declining fenoi 

of an epidemic 



Number of samples 

Percentage 

positive 

Methods 

from which vibnos 
Avero isolated 

(a) Direct bile salt agar plating 

20 

44 

{b) Candle hone peptone water method 

39 

87 


It is evident from the above results that the percentage of success is almost 
double by the new method when compared with direct bde-salt agar platuig 


Eleven samples of cholera stool — 

(а) Candle-boric-peptone-water method 

(б) Candle in modified Wilson and Blair fluid medium 

The Table shows the results of experiments with artificial mixtures Most 
of these experiments have been repeated with almost the same results Standar 
laboratory strams as well as freshly isolated strains have been used — 


Table. 


Mixtures 


Broth culture of Bad coh, 8 o c + one wire touch 
of Inaha suh type oultiue, either old Inbora 
tory culture or freshly isolated one 

Bad coll 8 0 c + Ogawa suh type 

Bad coh 8 o c + non cholera vihno 


Bad coll 8 c c + Inaha and Ogawa suh types and 
non cholera vihnos 

Pr proleus (8 c c ) + Inaha suh type culture (4 
drops) 


+ means a feu i ihrio colonies present 
colonies — means no iibrio colomes 


Direct plating 
on bile salt 
agar soon 
after mixing 

Candle bone peptone 
water, 18 to 20 liours 

— 

_l_ _l_ -j- Inttbft pnre 


+ + 4- + + + + Ogawa pnro 

+ or — 

4. + + + + + + Non cholera 
vibrios pure 

+ or — 

4- + + + + + + 
non cholera vibnos 

— 

4-4- + + + + + 


means a largo number of vibno 
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Slixtnreg 


Direct plating 
on bUe salt 
agar soon 
after mixing 


Candle bone peptone 
water, 18 to 20 honra 


Ps puoq/anea (8 c.c ) + Inaba sub type culture 
(4 (irops) 

Fi6no fcEcahg (8 c c ) + Inaba sub tvpe culture 
(4 drops) 

Bad typhoium (8 c o ) + Inaba sub type culture 
(4 drops) 

B sublUis (8 c c ) + Inaba sub type culture 
(4 drops) 

Bad paralyph A (8 c c ) + Inaba sub type culture 
(4 drops) 

Bad carolinug (8 c.c.) + Inaba sub type culture 
(4 drops) 

Bad coil, Bad fcecaht, Pr proteus, Ps pyocyanea. 
Bad lyphosum and Inaba 

Thick suspension of stool from non cholera cases 
10 c c and Inato sub-type culture one wire 
touch and rendered alkalme with N/IO NaOH 


Do -p non cholera ribnos 


A plateful of soil suspension + Inaba sub tvpe 
culture, a few drops 

Polluted water from a pool, 20 c c +1 drop of 
Inaba sub-type culture 

^ Hooghly water 20 c c. -p 1 drop of Inaba sub 
U-pe culture 

Clean tank water -p 1 drop of Inaba sob tvpe 
culture 


-P 

+ 

-P 

+ 


Inaba pure 
-p -p -p -p -p -p -p Inaba pure 
Inaba pure 
Inaba pure 
Inaba pure 
Inaba pure 
Inaba pure 


Inaba pure, 
sometimes impure 


Non cholera 
vibnos pure, sometimes 
impure 


Inaba impure 


-P-P-P-P-P-P Inaba pure, 
sometimes impure 

-p-P + -J--f-P Inaba impure 


Inaba pure 


Drain water -P 1 drop of Inaba sub tvpp culture 


I -P-P+ Inaba impure 


-p means a few vibno colonies present -P-P-p-P-p-1 + means a large number of vibrio 
colomes, — means no nbno colonies 


It may be mentioned here that the method of peptone-water ennehment was 
often found less satisfactory than direct bile-salt agar plating for isolation of vibnos 
from cholera stools 

Fifcno facahs of Lehmann and Neumann (1S9G) as desenbed by Nyberg (1935) 
was isolated in large numbers from se\ eral samples of cholera stool by the new 
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metliod The organism was found non-pathogenic to gumea-pigs and was ko- 
chemically and serologically distinct though morphologically it was often indis 
tingmshable from V cJwlercc 

The advantages of the new method are — 

(^) Higher percentage of isolation than by other methods 

' (^^) Large numbers of colonies are available for shde-agglutmation test and 
typing 

(^^^) A pure culture is obtained oii many occasions 

To ensure success candles should be tested before sterilization for patent poro- 
sity and leakage by forcing air under pressure of 15 lb to 20 lb above the atmos 
phene pressure, w^le the candles are immersed m water If no au passes throngli, 
blockage is indicated and if large bubbles come out there is leakage 

Summary 

A new method of isolation of vibrios from cholera stool is described 

Cholera stool mixed with a little peptone-water is first put into an L 3 porcelam 
candle and then the candle is placed in bonc(0 08 per cent)-peptone-water at pH 
9 0 By suction, a httle of the stool mixture is drawn through the candle and the 
whole IS next incubated for 24 to 48 hours 

Vibnos grow readdy through the candle into bonc-peptone-water causing a 
famt turbidity, and an almost pure culture is often obtamed on plating the turbi 
fluid on bile-salt agar Boric acid inhibits the cohform orgamsms but not t e 
vibrios 

Compared with standard methods of isolation of vibrios, this new method 
gives a higher percentage of isolation 
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A SIMPLE PROCEDURE FOR ESTIMATING NICOTINIC 
ACID IN BIOLOGICAL JIATERIALS USING THE'- 
CYANOGEN BROmDE-ANILINE REAGENT 


BY 

M SWAJIINATHAN 

{Nutrition Research Laboratories, I R F A , Cooiioor, S India ) 

[Received for publication, March 31, 1042 ] 

Numerous modifications m the cyanogen bromide method of estimating 
mcotuuc acid m biological materials, first described by the author (Srvammathan, 
1938), have been suggested by various vorkers In a recent pnbhcation 
(Swammathan, 19416) evidence has been produced to show that m general these 
modifications do not lead to more satisfactory results than the techmque followed 
m the Nutrition Research Laboratories It was also shown that amlme (the aromatic 
anune used by the author throughout) gives as intense a colour as various aromatic 
anunes used by other investigators, viz /S-naphthylamme, metol and p-ammo- 
acetophenone (von Euler, Schlenk, Heiwinkel and Hogberg, 1938 , Bandier, 1939 , 
Bandier and Hald, 1939 , Hams and Raymond, 1939 , Kodicek, 1940) Further, 
it was pomted out that certam side reactions of the aromatic ammes, which ha\ e 
been reported to occur under certam conditions by venous workers (Bandier and 
Hald, loc cit , Hams and Raymond, loc at , Kodicek, loc cii , Melnick and Field 
1940a, 6), do not take place with amlme, when the reaction is performed m 
an aqueous medium at pH 7 To overcome difficulties ansmg from side reactions, 
Bandier and Hald {loc at ) recommended the addition of cyanogen bromide instead 
of metol to the ‘ blank whde Melmck and Field (1940a) found it necessary to 
omit both cyanogen bromide and amlme from the ‘ blank ’ and preferred the use of 
a ‘ ddution blank These innovations have not proi ed altogether successful, for 
Waisman and Elvehjem (1941), usmg the method of Melmck and Field (1940o, 6), 
reported very high values, 10 6 mg and 10 7 mg per 100 g, for polished nee 
and maize respectively Such high values, v\hich do not conform vnth those 
giv en by other v\ orkers, are presumably due to the side reactions of the aromatic 
anune which mvanably occur m aqueous alcohohe solutions Bandier {loc at) 
found that rehable v’alues for the mcotimc acid content of unne were obtained 

( 397 ) 
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only when hydrolysis with alkali was followed , acid hydrolysis yielded values two to 
three times higher, presumably due to interference from other unknown substances 
Such discrepancies are never encountered when the estimations are earned out in 
aqueous medium at pH 7 using aqueous amlme 

Eecently, Gin and Naganna (1941) and Dann and Handler (1941) have 
desenbed adsorption methods for the separation of mcotimc acid from other inter 
fenng substances The use of adsorption procedures in tests for vitamins of tie 
B group IS not new They have been extensively used for the separation of vitanun 
Bi, nboflavm and vitamin Bo from interfering substances and are usually resorted 
to when a direct estimation is impossible owing to the presence of interfering sub- 
stances Further quantitative adsorption and elution of substances are, however, 
not always possible This statement is substantiated by the results reported 
by Gm and Naganna (Zoc cit ) who found that the recovery of mcotimc acid added 
to foods ranged from 40 to 108 per cent, with the result that they ohtamed a low 
value of 0 2 mg and 0 4 mg per 100 g m the case of maize instead of values 
rangmg from 1 mg to 1 4 mg which are those usually obtained 

The method previously desenbed by the author (Swammathan, 1938) has been 
used m this Laboratory dunng the past 3 years and has proved rehable and accurate 
for the estimation of mcotimc acid m foods and unne (Swammathan, 1939, 1^0, 
1941a , Aykroyd and Swammathan, 1940 , Shoune and Swammathan, 1940) Tie 
rehability of the method has recently been confirmed by Saha (1941) and Ghosh 
(1941) working with fish and unne respectively It has been found possible to do 
2 to 4 estimations m a day In the present commumcation a simpler procedure 
IS described which yields results correspondmg well with those given by the 
previous method By followmg this method, a single worker can estimate the 
mcotmic acid content of 6 test substances m 3 hours and 12 m one day 


Experimental 

The reagents required are the same as those described before (Swammathan, 
1938, 1939) 

The method consists of the following steps — 

(1) Extraction of the mcotmic acid and its denvatives present in foods an 

animal tissues usmg 2 N HCl followed by hydrolysis of the mco m 
amide present m the extracts to mcotimc acid 

(2) Removal of protein derivatives and colouring matter by trea me^ 

successively with banum acetate at pH 6 and zme hydroxide a p 
9 and the excess of Ba as sulphate 

(3) Colorimetnc estimation of mcotimc acid at pH 7 in an aqueous m 

usmg aqueous amhne 


Procedure 


(1) Extraction and hydrolysis — A weighed amount of the finely 
matenal (1 g to 25 g ), contaming from 60 yug to 400 jig mcotimc acid, was p 



M Swanunathan 


399 


m a conical flask Eighty ml of water were then added and the mixture heated 
m a water-hath mamtamed at 70°C to SOT for 10 minutes, with constant stirnng 
Twenty ml of concentrated HCl (36 per cent) were then added and the heatmg 
contmued for another 10 mmutes The mix ture was then cooled under the tap 
and centrifuged Eifty ml of the clear extract were transferred to a beaker 
(100 ml capacity) and heated m a boihng water-bath for 40 mmutes to hydrolyse 
the mcotmanude present to mcotimc acid 

(2) Rmoial of protein derivatives and colouring matter — ^After hydrolysis, the 
extract was cooled and neutralmed to pH 6 to 6 by the careful addition of 60 per 
cent sodium hydroxide Five ml of N banum acetate solution were then added 
and the total volume of the mixture was adjusted to 60 ml by the addition of 
water The precipitate formed was removed on the centrifuge To the clear 
centrifugate, 1 ml of 20 per cent zmc sulphate solution was added Zmc 
hydroxide was precipitated by the careful addition of N NaOH (16 ml 
to 2 mL is required) with phenolphthalem as mtemal mdicator, so that the 
mixture was very famtly pmk m colour and the pH about 9 5 Excess of 
sodium hydroxide should be avoided as it may dissolve part of the preci- 
pitate The precipitate was removed on the centrifuge, the excess of banum 
present precipitated by the addition of 1 ml of 6 N H2SO4, and the 
precipitate removed on the centrifuge The clear extract was adjusted to 
pH 7 by the addition of 6 N NaOH (about 0 8 ml to 1 2 ml will be 
required) and filtered Thirteen ml of the final clear solution, representing 
10 ml of the onginal extract and one-tenth of the weight of the matenal 
taken for estimation, were used for the colonmetnc estimation The solutions 
were m general almost colourless but m certam cases were coloured hght yellow 
which was allowed for by a ‘ blank ’ estimation 

(3) Colorimetric estimation of mcotimc acid — ^Ahquots of the extract (usually 
13 ml = one-tenth of the weight of the matenal taken) were measured out m a 
senes of 25-ml measunng flasks Standard mcotmic acid (20 //g ) was taken m 
another flask and the volume of the standard diluted to 13 ml by the addition of 
distilled water Half a ml of 50 per cent sodium acetate solution (adjusted to 
pH 7) was then added to each flask One ml of 2 per cent aqueous amhne was 
added to all the flasks, followed by 6 ml of cyanogen bromide solution The 
contents of the flasks were shaken and allowed to stand for one minute Tlie 
volume was then made up to 25 ml by the addition of aqueous amhne, the 
contents of the flasks were well mixed and allowed to stand for one minute 
The colours were compared immediately (within 10 mmutes) A ‘ blank ’ 
estimation was earned out in the above manner for all the unknown 
solutions, vith the exception that distilled water was added instead of CnBr, 
and the lalues so obtained for the ‘blank’ were subtracted in the usual 
manner from the test values to obtain the true values HTien 25 g of fresh 
■vegetables low m mcotimc acid were taken for analysis, the volume of the 
extract was usually 115 ml, though only 100 ml of 2 NHCl were used for 
extraction In such cases the volume of the extract was taken as 115 ml for 
calculation 
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The recovery of added nicotinic acid ranged from 95 to 100 per cent The 
results obtained with 16 foodstuffs contaimng varying amounts of nicotinic acid 
(0 2 mg to 47 4 mg per 100 g ) are given in tlie Table Values obtained for the 
same foodstuffs by following the procedure descnbed before (Swaimnathan, 1938) 
are also given for comparison — 

Table 

The meohme ami content of foodstuffs [mg fer 100 g ) 


Name of foodstuff 

Now procedure 
ns described 
m the text 

Old procedure 
(Sw&nun&thsDj 
1938) 

Cereals — 



Cambu {Penntaelum tijpJioidcuiii) 

3 2 

28 

Cholam (Sorghum vulgarc) 

1 8 

17 

Italian millet (Selar^a tiahea) 

07 

08 

JIaize, whole, yellow 

1 4 

13 

B-agi (Eleusme coraeana) 

1 2 

13 

Rice, ran, husked 

4 1 

36 

Rice, raw, milled 

1 6 

13 

Rico, parboiled, milled 

40 

35 

Wheat, whole 

4 6 

43 

Pulses — 



Black gram (Phascolus mxingo) 

i 

1 6 

17 

Green gram (Phaseolus radtahis) \ 

1 7 

10 

Lentil (Lens esculenla) 

1 6 

18 

Red gram (Cajamis indxcxis) 

1 9 

21 

Vegetables — 



Cabbage 

03 

03 

Carrots 

02 

02 

Mtseellaneous — 



Skimmed mdk powder 

1 0 

11 

Yeast, dned, brewers 

446 

48 3 

Yeast, dried (torula stram grown on molasses- 
salts medium) 

19 2 

20 1 
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Discussion 

The above method is simpler than the one previously described by the author 
and those descnbed by Gm and Naganna {loc cit ) and Dann and Handler {loc cit ) 
It IS comparable m simphcity with the method elaborated by Melmck and Field 
(loc cit ) It has, however, an important advantage over the latter method m that 
the comphcations caused by the use of anilme m an aqueous alcohohc medium 
do not occur when the reaction is earned out m an aqueous medium at pH 7, the 
anilme ‘ blank ’ and the dilution ‘ blank ’ always givmg the same value The 
added mcotmic acid is quantitatively recovered 


SUMMABY 

1 A simple procedure is descnbed for the estimation of mcotmic acid m food- 
stuffs usmg the cyanogen bromide-anibne reagent 

2 Mcotmic acid and its denvatives were extracted with 2 N HCl and part of 
the extract heated m a boding water-bath for 40 minutes to hydrolyse the nicotm- 
anude present to mcotmic acid Protein denvatives and colourmg matter present 
were removed by treatment with banum acetate at pH 6 and zme hydroxide at 
pH 9 6 and the excess of barium as sulphate 

3 Mcotmic acid present m abquots of the extract was estimated colon- 
metncally by treatment with cyanogen bromide and aqueous aniline at pH 7 
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NOTE ON THE TOAMIN B„ KIBOFLAVIN AND 
NICOTINIC ACID CONTENT OF 
DRIED YEAST 


BY 

M SWAMTNATHAN 

[Nvinhon Research Laboratories, I R F A , Coonoor, 6 India ) 

[Received for publication, March 31, 1942 ] 

Yeast contains all the B vitamins and since almost the earhest days of vitamin 
research has been used as a source of the complex in expenmental diets, and also in 
cliracal medicme The fractionation of yeast has proved a most fruitful hne of 
research on the vitamm B complex and has greatly helped m the isolation and 
identification of the various components rvhich the complex includes While m 
general yeast is nch m ‘ vitamin B it is not a constant and unvarying source of 
the different members of the group There are numerous strains of yeast and 
these may vary m their capacity to synthesize the different factors, or extract 
them from the growth medium Again, the nature of the medium in which the 
yeast cells are propagated influences the composition of yeast It is to be 
expected that yeast grown m a medium nch m B vitamms will contam more of 
these vitamins than yeast grown in poorer media 

Qiun, Whalen and Hartley (1930) found by the rat-growth test that the concen- 
tration of vitaimn Bj in baker’s yeast was lower than in brewer’s yeast, while that 
of vitamm Bi was approximately similar m both kinds of yeast Coppmg and 
Roscoe (1937) have made similar obsen ations ilore recently, Paveek, Peterson 
and Elvehjem (1937) hai e studied the effect of vanation in the composition of the 
medium m winch ) east was grown, on the i itamin Bi content of ) east They 
found that baker’s least (S(icc7«ironij/ccs ccreiivnr) contained 30 ptg /g of vitamin 
Bi dry matter when grown in a gram-wort medium but onlj 15 and 9 
when grown m molasses-salt and glucose-salt media respectiieh Peterson and 
Elvehjem (1939) have also reported a similar vanation in the pantothenic acid 
content of the same veast samples 

3, xiK ( 403 ) 3 
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Yitartnn Content of Dried Food Yeast 

Dried yeast has been widely used m Indian hospitals in the treatment 
of deficiency states Previous to the war, a good deal of imported yeast was used, 
but as the war proceeded it became clear that the supply of imported matenal 
might fail The investigation of alternative sources thus assumed importance 
In the present investigation, three lands of yeast were studied, their vitamin Bi, 
nicotimc acid and nboflavm content bemg determined The amount of these food 
factors present provides a reasonably satisfactory criterion of the nutritive value of 
yeast and its smtability for therapeutic purposes The lands of dned yeast tested 
were as follows — 

(а) Breiver’s yeast — ^Dned yeast for medicinal purposes has been for some 
years prepared and sold by brewenea m India The number of brewenes 
IS, however, small, and the supply appears to be unequal to the demand 
Pour samples were tested, 3 from an Indian brewery and one from a brewery 
m Ceylon 

(б) Dned ‘food yeast ’ gtoion on molasses — ^Yeast can be produced specifically 
for human consumption by suitable industrial methods The prmciples under- 
lying the latter are the use of some cheap source of carbohydrate food matenal, 
such as sugar cane or beet molasses, and strong seration to suppress the formation ' 
of alcohol Molasses is available m abundance in India and a proportion of the 
surplus imght be devoted to yeast production to supply both Indian and foreign 
markets It has been found that one particular strain of yeast, Toruh uhhs, is 
particularly smtable for use in the manufacture of food yeast, since it gives large 
yields when grown in a molasses solution and is palatable when dried 

Experiments have been m progress m the Laboratories on the production of 
food yeast The yeast was propagated m a 1-per cent solution of molasses to which 
ammomum phosphate and super-phosphate, 2 g to 6 g respectively per 100 g of 
molasses, were added The mixture was strongly serated durmg fermentation 
Yields of dried yeast eqmvalent to 20 to 26 per cent of the weight of molasses were 
obtamed, though not consistently 

Two strains of yeast were propagated m this way One of these, kindly 
supplied by the Department of Biochemistry, Indian Institute of Science, Bangalore, 
was described as bemg ‘ closely related to Tonda utihs ’ The other was a strain 
of Torula uhhs obtamed from the Chemical Research Laboratory, Teddmgton, 
England Eight samples of dried torula yeast were tested AU the samples grown 
on molasses were prepared by Mr A R Sundaiarajan 

(c) Dishllery yeast — This is produced by drying the ‘ sludge ’ run off from 
distillery vats after fermentation No asration is applied m the manufacture of 
alcohol It IS well known that m general the greater the production of alcohol 
durmg fermentation, the lower the yield of yeast, and vice versa Owing to the 
shortage of yeast m India, it was proposed to use dried distillerv’^ yeast for 
medicinal purposes Hence it was desirable to obtain data about its vitamin 
content Three samples were tested 

A sample of Marmite was also tested for purposes of comparison 
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Methods — ^The methods used for detenmnmg the vitamm Bj, nboflavin and 
mcotimc acid content of yeast were those previously descnhed by Swaminathan 
(1938 , 194:2a, b) The results are shown in the Table — 


Table 


Vitamin Bi, nboflavin and mcotimc acid content of dned yeast 


Sample 

number 


Vanety 

1 

1 

Vitomm B„ 
/^/g 

Riboflavm, 

Mg /g 

Nicotinic acid. 

Mg Is 

1 

Yeaat, dned. 

breu-er’s 


42 1 

62 3 

464 

2 

Do 


( 

340 

66 4 

430 

3 

Do 


1 

21 0 

446 

400 

4 

Do 



33 6 

486 

412 

6 

Yeast, dned tomla, 
synthetic medium 

molasses 

grown in 
contaming 
(1) 

26 1 

648 

[ 

196 

6 


Do 

(1) 

264 

66 6 

166 

1 

7 


Do 

(1) 

241 

716 

180 

8 


Do 

(1) 1 

22 8 

84 7 

261 

9 


Do 

U)! 

‘ 33 3 

62 0 

200 

10 


Do 

(2) 

33 3 

68 0 

190 

11 

1 

Do 

(2) 

1 41 2 

65 0 

( 

200 

12 

1 

1 

Do 

(2) 

28 0 

74 0 

337 

13 

1 Yeast, dned, distillery 


12 9 

32 6 

90 

14 

j Do 



10 4 

23 2 

65 

16 

Do 



11 2 

22 4 

03 

10 

1 Mnrmito 



12 6 

1 

89 2 

065 


Results of tests 

Vitamin Bi content — ^The vitamin Bj content of the four samples of brewer’s 
yeast ranged from 21fi g /g to 42 /ig /g of dned yeast Torula yeast ga\ e i alues of 
24 /ig /g to 41/1 g /g Dned distillery yeast was poorer, containing only 10 /ig /g to 
12 /ig /g Using the ‘ bradvcardia ’ method. Baker and Wnght (1935) reported 
\ allies of 18 /ig /g and 69 /ig /g respectivclv for two samples of dned brewer’s yeast, 
while Leong (1940) has given a value of 22 5 /ig /g for dried veast (propnetary 
brand) A^’nlues ranging from 24 /ig /g to 490 /ig /g have been obtamed by 
Hennessy and Cerecedo (1939) who employed the thiochxome method The value 
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obtained for Marmite, 12 5 ng /g , was lower than that recorded by Birch and 
Harris (1934) using the bradycardia method (26 /g ) More recently, Leong 
(Zoc cit ), using the bradycardia method, has reported the loi\ \alue of 6 fig /g 
The age of the sample tested in the Laboratories was not known and it is possible 
that loss in vitamin Bj content had occurred on storage 

Rihofainn — The rlbofla^^n content of 4 samples of brewer’s yeast ranged 
from 44 fjjg /g to 65 fig fg The tomla yeast samples gave higher values, varying 
from 55 fig /g to 84 fig /g Distillery yeast was poorer, containing 22 fig /g to 

^2 fig /g 

The protein (N x 6 25) content of brewer’s and toriila yeast ranged from 
35 to 60 per cent, while that of distillery yeast was in the neighbourhood of 30 
per cent 

Nrcohoitc acid — The mcotimc acid content of the brewer’s yeasts ranged from 
400 fi% /g to 460 fig fg The torula samples contained 200 fig /g to 330 fig fg , 
while distillery yeast gave lower values of GO fig fg to 90 fig fg The sample of 
Marrmte was richer in mcotimc acid than any of the dried yeast samples 

According to an English report (private communication) the values for the 
vitamin content of food yeast are approximately as follows vitamin Bj, 
24 fig fg , riboflavin, GO fig fg and mcotimc acid, 285 fig fg to 455 fig fg 
The corresponding values for brewer’s yeast were 18 fig fg to 138 fig fg , 
18 ^ /g to 124 fig fg and 300 fUg fg to 400 gg fg respectively The protein 
content of both kinds of yeast given was about 50 per cent Values of the 
same order were obtained for the samples of brewer’s and torula yeasts tested in 
this investigation 


Discussion 

Dried brewer’s yeast prepared in India and Ceylon was found to have a 
vitamin content conforming reasonably well with that reported by other workers 
for brewer’s yeast It can be recommended for medicinal purposes Distillery 
yeast is less suitable, being lower m all 3 factors, so that a considerably larger 
dose would have to be given to provide the same amount of vitamins Clinicians 
used to prescnbing imported dried yeast or locally produced brewer’s yeast 
would find distillery yeast less eflfective in the same doses It can, of course, 
be said that it has bome value 

Dried torula yeast grown on molasses solution gave satisfactory values, 
particularly as regards nboflavin Torula yeast is much more palatable than 
brewer’s veast Recent work (Aykro}d and Vetma, 1942) has shown that nbo- 
flavin deficiency is very common in India The production of dned torula yeast 
on a large scale would be of great value, provided it could be sold at a cheap rate 
A surplus of molasses is available, and a number of schemes for its utihzation have 
been considered within recent years The conversion of a relatively valueless 
matenal into food nch in important vitamins greatly needed to make good the 
defects of Indian diets, is obviously a sensible procedure 
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StnUIAKY 

1 The \-itamin Bj ^bofla^'lIl and nicotinic acid content of 15 samples of 
dned yeast, including 4 samples of breiver’s yeast, 8 samples of tonila yeast groivn 
on a molasses-salts medium and 3 samples of distillery yeast has been detenmned 
using chemical methods 

2 The torula samples ivere found to compare faiourably in their vitaimn 
content ivith brewer’s yeast The distillery yeast samples were found to be poorer 
sources 
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PARBOILED MILLED RICE 


BY 
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[Nutrition Research Laboratories, 1 R F A , Coonoor, S India) 


[Received for pubhoation, March 31, 1942] 


The fact that nulled parboiled nee has a higher vitamm Bi content than raw 
milled nee is now well known Its bearing on the epidemiology of benben in 
India has been demonstrated by Aykroyd, Knshnan, Passmore and Sundararajan 
(1940), who shoised that benben is rare among populations consunung machine- 
milled parboiled rice 

It was observed by Aykroyd and Swanunatban (1940) that the mcotrmc acid 
present in nee behaves in the same way as vitamm Bi dunng the process of parboil- 
ing, v ashing and cooking In a subsequent investigation the author (Swammathan, 
1941) studied m detad the efiect of these processes on mcotimc acid m nee, assummg 
that data about changes in mcotimc acid content v ould be apphcable to vitamm 
Bi As a result of this mvestigation the foUmving conclusion was reached ‘ In 
connection with the benben problem, parboiled milled nee has two advantages 
over raw nulled nee (a) it has a higher vitamm Bj content and (6) the vitamm 
Bi present m the former is more difficult to wash out Both are of importance 
m producing the almost complete immumty of the parboiled nce-eater to 
benben ’ 

This conclusion based on an analogy between the behaviour of vitamm Bj 
and mcotimc acid, is of considerable practical and pubhc health importance It 
was felt desirable to confirm it by an m\ estigation of vitamm Bi itself under s imil ar 
conditions, making use of an iraproi ed thiochrome method for estimatmg vitamm 
Bi recently vorked out m the Laboratories (Swammathan, 1942) 

Prevnous v ork on the effect of washing on the vitamm Ei content of nee may 
bo bnefl) referred to McCamson and Xoms (1924) showed bi biological tests on 
pigeons that excessne vashmg of nee, whether raw or parboiled, greatly reduced 

( 409 ) 
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tlie vitamin Bi content Subsequently, van Veen (1933) in Java, usmg biological 
methods, produced quantitative eAudence to show that excessive washmg of raw 
nee, whether husked undermilled or milled, removed a considerable portion of the 
vitamm B2 onginaUy present Yang (1938) reported that raw nee, husked or 
nulled, lost a greater part of its vitamin Bj dunng the process of washmg while 
the loss from parboded nee was much smaller A}kroYdetcff (Joe ) found that 
the washing and cooking of raw nee resulted in a loss of about 50 per cent of the 
vitanun Bj present when the cooking water was discarded 

ExPEREMEXTiU- 

Samples of raw and parboiled milled nee were purchased from the local 
market These were of the type commonly consumed in South India The 
Autamm B^ content of the ongmal samples was determined Then the rices were 
washed and cooked according to practices commonly followed m Indian homes 
Bice IS usually waslied several times to remove dirt and other adhermg foreign 
matter before being cooked The method of cookmg varies in different 
commumties m that the cooking water (‘ conjee ) is discarded by some, Avhde 
others consume it The Autanun Bj estimations were carried out on the wash- 
A\ater cooked nee and ‘conjee’ The Autanun content of Arashed nee was 
calculated by difference The loss of Autamm Bj from raAv and parboded nee 
durmg the above processes was compared 

The method followed m a\ ashing and cooking of nee was the same as 
that desenbed in the prenous paper (Swammathan, 1941) 

Estimation of vitamin Bi — In carrying out tests on the A\ater used for washing 
and cookmg the folloAvmg procedure was adopted • — 

Wash-water — Five ml of a N solution of lead acetate were added to 100 ml 
of the wash-water and the precipitate remoA’^ed on the centnfuge Excess of lead 
was removed as sulphate The clear solution so obtamed was used m ahquots of 
5 ml to 20 ml for the estimation of the vitamin present 

‘ Conjee ’ — The ‘ conjee ’ was clarified by zme hydroxide, as treatment A\ith 
lead acetate did not peld clear solutions 

Ten ml of 4 5 per cent zme sulphate solution AA^ere added to 100 ml of 
‘conjee’ Two ml of N NaOH were then added slowly AVith constant stuxmg 
to precipitate zme hydroxide The precipitate A\as remoA'^ed on the centnfuge 
and the clear filtrate was acidified by the addition of 1 ml of 10 N H2SO4 Ten 
ml to 20 ml of the clear solution were used for the estimation of the vitanun by 
the thiochrome reaction 

The recovery of added Autamm ranged from 50 to 70 per cent and all the 
values were corrected by applymg the corresponding recovery values 

Kesults 

The results obtamed are shoAVn m Tables I to iU 
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Effect of washing — Table I shows that the average loss of vitamm Bj from 
raw nee on washing was 60 per cent, whereas with parboiled milled nee the corres- 
ponding figure was only 10 The first washmg removed most of the vitamin, 
the second and third washings contaimng but little It will be seen from Table II 
that even washing with large amounts of cold water failed to remove more 
vitamm from parboiled rice samples Washed parboiled miUed nee contained 
4 to 5 times as much vitamm Bj as washed law milled nee, the average values 
obtained being 1 9 /i^g and 0 4 /^g per g respectively 

Effect of cooking — Table II shows a further 25 per cent of the vitamm 
contained m washed raw and parboiled nee is dissolved mto the cooMng water 
Since the vitamm Bj content of washed parboiled nee is about 4 times that of 
w^hed raw rice, the ‘ conjee ’ obtained from parboiled nee is correspondmgly 
3 "to 4 times as nch as ‘ conjee ’ from raw nee It is to be noted that cooked 
parboiled nee, even after the losses talang place on washmg and cooking, still 
contained 1 4 /ig /g , whereas the cooked raw milled nee was a poor source of the 
vitamm, containing only 0 25 /tg /g 

Viiaimn Bxfcaloiie value of washed and cooled raw and ■parboiled nee — The 
vitamm Bj/calone value of untreated, washed and cooked nces was calculated 
on the assumption that the average calone content of nee is 360 per cent 
Ranganathan, Sundararajan and Swaminathan (1937) have reported calone values 
ranging from 300 to 360 for untreated and cooked rice samples The results are 
shown m Table IV — 


Table IV 


The average vitamin Bi/calone ratio of washed and cooked raw 
and parboiled nces 


Rice 

I 

1 Vitamm B,, 
Mg Ig 

\ 

Vitamin 

B, /calorie 
ratio 

Raw iniUod (original sample) 

10 \ 

0 20 

Raw nulled, washed 

04 

on 

Raw nulled, washed and cooked 

0 26 

0-08 

Parboiled mdltd (original sample) 

2 1 

0 60 

1 

Parboiled nulled, washed 

1 I) 

j 054 

Parboiled milled, washed and cooked 

14 

0 40 
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Discdssion 

"UTlliams and Spies (1*138) calculated the \nt-amm Bj/calone ratio of a long 
senes of diets and showed that diets giving a a alue less than 0 25 were likely to he 
associated with benberi Aykroyd et al (loc cil ) pointed out that the mmimum 
latanun Bj content of nee in typical poor Indian nee diets necessary to make the 
vitannn Bj/calone ratio greater than 0 26, i e to raise it aboi e the beriben-producing 
level accordmg to the ‘Williams and Spies entenon, ranged from 0 69 fig /g to 0 84 
fig /g It will be seen from Table IV that untreated raw rice samples contain a 
little more than the required amount of iitamin Bj, whereas washed and cooked 
ran nee, contaimng much less, is defimtely ‘ benben produemg ’ according to this 
entenon On the other hand, parboiled milled rice after washing and cooking 
(even when the ‘ conjee ’ is discarded) supphes more vitamin Bi than the minimum 
required to prevent benben 

The present investigation further clarifies the obsenmtion made by Aykroyd 
el al (loc cit ) that benben as a serious pubhc health problem occurs only in places 
where raw miUed nee is consumed by the poor, e g the Northern Oucars distnct of 
the Madras Presidency, ilalaya, Chma, Java and Japan, and is rare when parboiled 
milled nee is the chief staple, as m most parts of South India It also confirms 
the vabdity of the previous conclusion that the mcotrmc acid and vitamin Bi in nee 
are affected in the same way by the vanous processes to which the gram may be 
subjected before consumption Actually the percentage losses of the two food 
factors are almost precisely the same The findmgs are essentially similar to those 
of Yang (loc cit ), vhose paper was not available in Coonoor when the previous 
mvestigation on mcotmic acid in the nee gram was earned out 

Platt (1939) has shown that the washmg of raw nee is an important factor 
m the causation of benben m Chma The consumption of washed raw milled nee 
may lead to benben, whereas unwashed raw mdled nee may contain enough 
vitamin Bi to prevent the disease This again is fully m Ime with the facts 
presented above 

The investigation confirms the ongmal hypothesis of Aykroyd (1932) that 
' when nee is parboiled the endosperm absorbs vitamm Bj at the expense of the 
germ and pencarp and millmg does not remove the vitamm ’ In rais rice most 
of the vitamin is located at the surface of the gram and is readily washed an ay 
In parboiled nee it is located more deeply and is less easily dissolved out by the 
water used m washmg 


Summary 

1 The effect of washing and cooking on the vitamm Bi content of commercial 
samples of raw and parboiled nee has been investigated 

2 Eaw milled nee loses the greater part of its vitamm Bj (CO per cent) dunng 
the process of washmg while parboiled milled nee, m spite of its higher vitamin Bj 
content, loses much less (8 per cent) "Washed parboiled nee contains on the 
ai erage 4 times as much vitamm B] as washed raw nee 
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3 Another 26 per cent of the vitamin contained in washed raw and parboiled 
nee IS dissolved out with the cooking water Cooked parboiled nee, even when the 
cooking water is discarded, contams enough vitamin B] to prevent the occurrence 
of benben according to the Williams and Spies entenon 
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STUDIES IN HUMAN NUTRITION 

Part V 

THE BONES OE S UAT. T. FISH AS A SOURCE OE NUTEITIONALLY 
AVAILABLE CALCIUM AND PHOSPHORUS 


BY 

K P BASU, 

H N DE, 

AND 

M N BASAH 

At} Ivqinry under the Indtati Research Fund Assocjairon 
{Frotn the BtochemtcaJ Laboratory, Dacca Vnnerstty ) 


[Beceired for publication, Febrnary 19, 1912 ] 


pREViODS communications from this Laboratory (Basil Basak and Rai Sircar, 
1939 , Basil cl dl 1941, 1942) on the results of metabolic studies on human beings 
have ret ealed that the lack of adequate amounts of calcium constitutes one of the 
greatest defects of trpical Indian dietaries These communications have also 
described onr attempts to discover smtable supplements to meet this deficiency 
Ten ounces of milk or the amount of hme ingested m the process of chewing four 
betel-leaves, prepared with lime, u ere shown to make good the calcium deficiencv 
of typical Indian dietanes The present paper deals with the avadabihty of 
calcium from another cheap source 

Fish forms an important ingredient m the nce-eaters’ diet in Bengal and 
certain other parts of India The quaht> of proteins of different aarieties of fish 
and also the vitamin A and D contents of the liver and bod} -oils of vanous 
species of fish have been thh subject of a senes of ini estigations from this 
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Laboratory (Basu and De, 1938a, b, c , Basu and Gupta, 1939 , Basu et al , 
1940a, b) When comparatively bigger fish are incorporated in the diet, only 
the fleshy portion is taken, the bones being' usually discarded But when vejy 
small fish are taken the whole fish including the bones, which are generally 
qmte soft, are masticated and swallowed It should be mentioned here that 
about 98 per cent of the total body-calcium of the fish is concentrated m the 
bones Metabolic studies with ‘ rice-fish ’ diets in which the bones were discarded 
showed that the subjects were in negative calcium balance (Basu et al 1941 
1942) 

The purpose of the present investigation was to determine whether the 
calcium and phosphorus of the bones of small fish, when incorporated in the 
diet, are nutritionally available The problem is of considerable practical 
importance in view bf the fact that the extreme cheapness together with the 
wide distribution and avadabdity throughout the year of small fish bring these 
within the reach of the poor among whom the deficiency of calcium and the 
problem of removing it are more acute 


Experimental 

Procedure and methods were the same as described, m previous papers 
Seventy grammes (moist basis) of small fish of different varieties, namely, 
chapila {Clupea cJtajyra), mala {Amblypharyngodon mola), mha {Palaemon carcinus) 
and kakchi {Cornea sobona), were used in place of milk (Basu ei al , 1941) 
or betel-leaves (Basu et al , 1942) as a supplement to the typical calcium- 
deficient Indian diet consisting of rice, pulse, vegetables and small amounts 
of oil 

It must be mentioned here that Palaemon carcinus is not really a fish* but 
it is considered as such by common people m many parts of India The 
small varieties of Palaemon carcinus used m this investigation were taken in toto, 
1 e inth the outer shell and head 


Results and summary 

Examination of the results presented in the Table shows that the calcium 
content of the basal diets was only about 200 mg This was much below the 
reqmrement (Basu et al , 1941) and the subjects were m negative balance The 
administration of about 70 g of fish (moist basis) augmented the dietary calcium 
by 577 mg on an average, of which about 70 per cent were retamed 

The phosphorus content of the diets was about 1 010 g which satisfied 
the reqmrement (Basu et al , 1939, 1941) The addition of the said amount of 
fish increased the intake by about 637 mg of which about 60 per cent were 
retained 


* It 13 a small variety of prawn 



Effect of the addition of small fish to a poor nee diet on calcium and phosphorus metabolism 

End) period consisted of three days Tlie subject took the basal diet for sue days and the fish supplement 

was then given for another sis days 
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These results, therefore, prove that the calcium and phosphorus derived from 
bones of small fish, which are mvanably taken when the latter are mcorporated 
in diets, are nutntionally available 
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OF ]\IILK PROTEINS 
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BY THE RAT-GROWTH METHOD* 
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[Received for publication, March 31, 1942] 

Introduction 

Though studies of tlie biological value of proteins (including those from 
animal sources) of different nutoents have been earned out in India, no 
mvestigations have so far been made on milk proteins Ranganathan (1940) 
estimated the supplementary values of cow milk, buffalo milk and goat nulk on 
groups of growing rats maintamed on a poor nce-eater’s diet The apparent 
reason why milk proteins have received scant attention from biochemists is 
that consumption of milk amongst the masses in this country is very small 
However, it appears from a recent report on Agncultural Marketmg m India 
(1941) that about 2,892 lakh mauudsf of cow milk, 3,217 lakh maunds of buffalo 
mdk and 180 lakh maunds of goat milk are annually produced m India In the 
present study an attempt has been made to investigate the relative growth- 
promoting properties of the proteins present in the milks of the cow, goat 
and buffalo 


Paper read before the Physiology Section of Indian Science Congress held at Baroda, January 


t 1 lakh maunds roughly equal 8,200,000 lb 
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Experimental 

The technique advocated by Osbome, Mendel and Ferry (1919) and Osborne 
and Mendel (1920) was followed with slight modifications Young white rats 
bred m this Laboratory and weighing on the average about 50 g were employed 
m assessmg the relative rates of growth As facihties for drymg milk on a 
large scale did not exist and since fresh boded whole milk is usually consumed 
as such, fresh samples of milk were obtamed every day and added to the 
artificial food mixture , the latter bemg more stable was prepared from time 
to time and preserved m a refngerator The protein content of the samples 
of milk was determmed dady and the fat and ash content (to estimate calone 
value) determined once every week The result of analyses (based on average) 
IS shown m Table I After adding the requisite quantity of mdk to the 
artificial food mixture consistmg of carbohydrates and fats, the food for each 
ammal was heated over a water-oven to the consistency of a paste and given 
m a feedmg-cup Every effort was made to serve the food to mdividual 
ammals in such quantities that the amount left over dady m the cups was 
small On successive days food was distributed over the residue m the feedmg- 
cup and then heated as usual The weekly residue was collected separately for 
each animal by carefully scrapmg out the feeding-cup Ahquot portions were 
analysed for mtrogen and protein (N X 6 26) The average composition of the 
food given to each group of ammals is shown m Table IT Owmg to the high fat 
content of buffalo mdk a part of the fat had to be s kimm ed off m the Laboratory 
for use m the expenment m which protem was supphed at a 16 per cent level The 
average composition of the skimmed mdk thus obtamed is shown m Table I — 


Table I 


Analyses of the different mneties of milk {grammes •per cent) 



Moisture 

Protem 

Ether 

extractives 

Ash. 

Garbo 

hydrates 

Cow milk 

87 93 

1 

3 30 

3 80 

0 71 

4 26 

Goat milk 

86 20 

3 71 

6 60 

0 80 

4 69 

Bnffalo milk (pure) 

1 

83 20 

3 67 

624 

0 72 

6 27 

Buffalo milk (skimmed) 

\ 

86 48 

1 

1 

i 

3 G2 

2 91 

1 

0 72 

7 27 

1 
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Table H 


Average conifosihon of food svpphed to the ammah in grammes {approximate 

calorific value 2,600) 



Cow MILK 

Goat uhk. 

Buffalo milk 

Food nurture 

16 per cent 

1 level 

10 per cent , 
level 1 

1 

1 

16 per cent 
leveL 

i 

10 per cent 
leveL 

15 per cent 
feveL 

10 per cent 
level 

Fresh whole mill; j 

1 

2,770 

1 

1,S48 

1 

2,480 

1 

1,661 

2,627 

1,708 

Corn Btnroh 
(nitrogen fireo) 

107 3 1 

182 4 

60-0 

148 0 

113 0 

146 0 

Pure sugar cubes 
(Taiko) 

640 

1 640 

20 5 

640 

640 

640 

Coco nut oil 

Nil 

32 2 

Nil 

28-0 

Nil 

Nil 

Calcium carbon- 
ate 

0-0 ' 

1 

60 

60 

00 

0 0 

6-0 

Salt nurture 

24-0 

' 24-0 

1 

1 

24-0 

1 

24-0 

24-0 

24-0 


In addition eacli animal was given daily 3 drops of cod-hver od and 2 c c of a 
1 per cent solution of IMamute to provide the different vitamins The mtrogen 
present m the Marmite solution "was estimated and added to the protem mtake 
figures The amount of protem obtamed from Manmte was insignificant as 
compared to the total mtake The total mtake of protem was calculated from the 
amount supphed m the food minus the amount left m the residue at the end of the 
week for each mdividual animal The ammals were weighed and the experiment 
was contmued for 8 weeks Each animal was kept m a separate metabolism 
cage and the meal served m an enamel feedmg-cup and water supphed from 
mverted glass-bulbs for one week previous to the begmmng of the experiment 
so as to accustom the ammals to then surroundmgs and food There were six 
animals m each of the experimental groups The experiments were earned out 
with the level of protem mtake at 10 per cent and 15 per cent, m the case of 
the three krnds of nulk In the case of cow milk a third experiment was tried 
m which milk was supphed at a 5 per cent level of protem mtake, but all the 
animals failed to put on weight during three consecutive weeks and the 
expenment was abandoned Terrome (1936) has compiled a table showmg the 
minimum protem content of diet which permits of growth m the rat and 









426 


Biological Value of Milh Proteins 


according to tins table no groi\i;h is possible with milk below the level of 6 per 
cent mtake of protein 

Kesult 

The arithmetic mean of the mtake of protem and the gam m weight m 
grammes have been calculated for each group Tables III, IV and V show the 
results for each ammal at the end of 4 and 8 weeks respectively The 
amount of protem obtamed by each ammal from Marrmte at the end of 4 and 
8 weeks was found to be 0 22 g and 0 43 g respectively Consequently, the 
amount of non-milk protem quota m the diet as compared with the intake of 
total protem was neghgible and its effect on growth can be neglected 

Table III 


Protein [cow mill) ingested and gain in weight 


1 

i 

After 4 weeks 

j AFTEB 8 -WEEKS 

1 — 

number 
of mt 

1 

weight, 

g 

* Food 
mtake, 
g 

Protein 

intake, 

g 

Gam m j 
weight, 
g 

Biological 

value 

1 

Food 

mtake, 

g 

1 

1 Protem j 
mtake, 
g 

1 

Gam m 
weight, 
g 

Biological 

value 


At 16 per cent level of protein intake 


Cl 

49 

191 0 

33 16 

69 0 

2 08 

376 9 

64 31 

102 0 

169 

C2 

47 

189 3 * 

31 83 

07 0 

2 10 

308 7 

61 91 

90 0 

146 

C3 j 

43 

168 8 

! 27 ll 

1 

64 0 

1 99 

312 4 

62 41 

73 0 

139 

C4 

42 

180 6 1 

30 26 

70 0 

2 61 

398 0 

66 66 

1110 

1 07 

C6 

44 

187 9 

31 47 

71 0 

226 

403 0 

67 06 

104 0 

156 

1 

CO 

1 

64 

190 1 

32 58 

03 0 

1 93 

410 4 

70 36 

116 0 

1 66 


At 10 per cent level of protein intake 


C7 

47 

143 3 

16 64 

400 

2 42 

285 8 

32 60 

69 0 

1 82 

C8 

49 

191 3 



2 77 

309 6 

42 61 

80 0 

2 02 

C9 

47 

1 

150 0 ! 

1 

17 72 

41 0 

2 31 

307 9 

36 20 

60 0 

1 88 

CIO 

1 49 

101 3 



2 41 

314 9 

30 01 

68 0 

1 61 

Cll 

47 1 

100 3 


1 

51 0 

2 60 

312 8 . 

36 90 

06 0 

1 81 

Cl 2 i 

I 

63 

184 3 

22 00 

48 0 

2 18 

368 1 

40 84 

03 0 

1 54 


* Expressed as dry Tveight 
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Table IV 


Protein {goat milL) ingested and gam m weight 


Semi 
nnmber 
of rat 

1 j 

Initial 
ireight, ! 

g 

1 ^ 

1 

1 ' ‘ 

1 AfTEE 4 WEEKS 1 AiTEB 8 WEEKS 

Food 1 
intake, 

6 

t Protem | 
intake, 

1 ^ 

Gam m j 
weight, 
g 

Biological 

value 

1 

Protem ] 
mtake, 
g 

Gam m 
weight, 
g 

Biological 

value 


At 16 per cent lend of protein inlaLe. 


G1 

60 

210 8 

47-04 

1 

68 0 

1 

1 23 

4861 

1 

108 78 J 

76 0 

0 09 

G2 

1 

1 

61 

207 0 

47 72 

68 0 

1 42 

474 0 

1 

112 00 , 

103 0 

0 92 

G3 

64 

230 7 

61 70 

07-0 

1 30 

1 

j 614 8 

119 36 ! 

1 

97 0 

0 81 

G4 

60 ' 

1 

219 2 

48 07 

01 0 

1 26 

482 4 

1 

111 GO j 

77 0 

0 09 

Q6 

49 

2461 

1 

64 28 

08 0 

1 25 

' 613 7 

117 00 

94 0 

0 80 

G6 

60 

214 6 

47 29 

47 0 

0 09 

I 

407 7 

1 

109 46 

1 

09 0 

0 03 

1 

1 


At 10 per cent lend of protein inlale 


G7 

48 

1 

160 2 

20 93 , 
1 

24 0 

1 16 

1 

304 7 

^60 82 ^ 

i 

45 0 1 

0 89 

Q8 

48 

236 6 

3419 1 

74 0 

210 

5U7 

) 

' 75 91 

1 

89 0 

1 17 

G9 

40 

186 1 

27 61 

, 

47 0 

1 71 

* 421 9 

1 

' 03-05 

1 

05 0 1 

1 03 

GIO 

47 

229 1 

33 79 } 

01 0 

1 81 

1 

, 490 7 

i 

i 74 90 i 

70 0 

1 01 

Qll 

44 

223 1 

1 

34 31 , 

07 0 

1 05 

1 

1 600 1 

1 

70-02 j 

91 0 1 

1 20 

G12 

44 

203-0 

27 72 j 

44-0 

169 

! 4413 

1 

' 04-28 ^ 

59 0 

0-92 
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Table V 


Protein [buffalo milk) ingested and gam m weight 


ApTEE 4 -^iVEEKS 


AfTEB 8 WEEKS 


Serial 
number 
of rat 


Initial 

weight. 


g 




Gam m 

Biologieal 

value 

Pood 

Pro tern 

Gain in 


intake, 

weight. 

intake. 

mtake. 

weight. 


g 

g 

g 

g 

g 


Biological 

value 


At 16 per cent level of protein intake 


B1 

61 

128 3 

1 

22 40 

32 0 

1 43 

202 3 

44 84 

61 0 

1 14 

B2 

46 

112 9 

19 48 

37 0 

1 90 

247 3 

41 83 

000 

142 

B3 

42 

167 0 

27 40 

03 0 

2 30 

313 9 

6416 

80 0 

169 

B4 

63 

102 2 

28 39 

63 0 

1 87 

347 9 

69 80 

99 0 

1 60 

B6 

60 

124 3 

1 

21 08 

43 0 

1 98 

266 9 

43 68 

62 0 

142 

BO 

41 

1 

144 6 

26 03 

1 

49 0 

1 

1 90 

« 

289 7 

49 62 

08 0 

137 


At 10 per cent levd of protein intake. 


B7 

I 

47 

126 1 

17 77 

420 

2 30 

279 6 

39 46 

79 0 

200 

B8 

62 

202 7 

33 19 

80 0 j 

2 41 

610 0 

06 10 

119 0 

1 83 

B9 

49 

110 7 

10 47 

30 0 

219 

260 2 

36 62 

08 0 

1 80 

BIO 

60 

143 6 

19 02 

480 

1 

246 

307 1 

42 90 

87 0 

2 03 

i 

Bll 

49 

140 6 

20 24 

48 0 

2 37 

316 2 

4413 

97 0 

2 19 

B12 

48 

230 5 

30 46 

70 0 

2 30 

601 1 

03 68 

120 0 

/ 

1 88 
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Discussion on the findings 

In comparing the relative groivfcli-promotmg capacities of the proteins m 
different foods, the grovrth index or biological valne of the protems of each food is 
represented by an mdex vhich has been defined as the amonnt of gro-wth per gramme 
of protem of each of the foods consumed at similar levels of concentration (Osborne 
et al , 1919 , Osborne and Mendel, 1920) In the last columns of Tables m, TV and 
Y the biological values of coiv, goat and buffalo milks at 10 and 15 per cent levels of 
protem mtake have been shovm The arithmetic mean (average) for each of the 
group of SIX animals is given m Table YI The table shows that all three kmds of 
milk have given a higher biological value at a 10 per cent level of mtake than 
when given at the 15 per cent level The differences have been tested statistically 
and have been found to be significant m the case of each of the three milks (cow, 
goat and buffalo) According to ‘ student’s ’ test, ‘ P ’ was found to he beyond 
the 0 01 level in the case of goat and buffalo milks and between 0 02 and 0 05 in 
the case of cow milk Basu, Hath and Gham (1936) and Basu, Hath and Mukher]i 
(1937) have found that a 15 per cent level of protem mtake is superior to the 10 
per cent level m the case of green gram, lentil and khesan, whereas m the case of 
soya bean and field-pea the reverse was the case 


Table VI 

Average biological tallies 


AVERAGE GROWTH (G ) PER G OF 
PROTEIN INTAKE 


Source of mUk protem. ' 

1 

» 

1 

ApTEE 4 WEEKS 

AtTEB 8 WEEKS 

10 per cent 
level 

16 per cent 
[ level 

1 

10 per cent 
level 

16 per cent 
i level 

1 

C!ow j 

245 

214 

1 78 

' 1 55 

1 

Goat 1 

1 73 

1 24 

1-04 

0 70 

Buffalo ^ 

235 

1 91 

1-97 

1 43 

1 


Comparison of the biological values of the three binds of milk after 4 and 
8 weeks mdicates that goat milk has the lowest nutntn e value at both 10 and 
15 per cent levels of intake When cov. and buffalo milks after the four-week penod 
of growth are compared, the former appears to be supenor to the latter at both 
levels of protem mtake, but after the eight-week penod the buffalo nidk appears 


430 


Biological Value of Milk Proteins 


to be supenor to tbe cow milk at a 10 per cent level, whereas at a 15 per cent level of 
intake tbe cow milk gives a supenor value But this apparent anomaly completely 
disappears after further analysis of the figures By the ‘ t ’ test it is found that the 
difierences between the mean biological values of cow and buffalo milk is not real, 
1 e such differences could have arisen by chance alone 

Table VII 


Conipanson of mean biological values after eigJd-iveeL periods by the 

‘ t ’ test 


Milk protems iiqder comparison 

Value of 
‘t’ 

Level of 
significance 
‘W 

Remabks* 


Cow and goat 

8 324 

Below 0 01 

1 

Significant 

10 per cent level 

Cow and buffalo 

2 086 

Between 0 1 and 

0 06 

Not significant 


Goat and buffalo 

12 25 

Below 0 01 

Significant 


Cow and goat 

12 600 

Below 0 01 

Significant 

16 per cent level 

Cow and buffalo 

1376 

Between 0 2 and 

1 0 1 

Not significant 


Goat and buffalo 

‘ 7 773 

Below 0 01 

Significant 


* n (degrees of freedom) = 10 m each case 


SUMMABT 

The comparative nutritive values of the proteins of cow, goat and buffalo 
milks were assayed by the rat-growth method With each of these milks a 10 
per cent level of protem was found to be more favourable for growth than 
a 15 per cent level The differences were tested statistically and found to be 
significant 

The growth-promotmg capacity of goat milk per umt amount of protein present 
was found to be significantly inferior to that of cow or buffalo milk No significant 
difference could be found between the proteins of cow or buffalo rmlk 
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CASEIN AND LACTALBIBnN OF ASS MILK 

BY 

C P ANANTAKRISHNAN, 

N L LAHERY 

' (From the Department of Btochemtstry, Indian Institute of Science, 

Bangalore ) 

[Receired for pnblioation, Slaroh 31, 1942 ] 

Valuable work kas been done on cow-milk casern and lactalbnmm, bnt 
comparatively bttle attention has been paid to the corresponding proteins of the 
Tmllr of other mammals In this connection the detailed mvestigations of hnman- 
and goat-miLk caserns by Bosworth and van Slyke (1916) and Plunmer and 
Lowndes (1937) require mention Although the general composition of the milk 
caserns have received attention, a systematic study of the casern from ass milk 
has not been made The present study was undertaken to throw hght on the 
nature of the casern m ass milk and to compare it with the casern of the 
milk of other species In a prehmmary paper (Anantaknshnan, 1941) the 
composition of ass imlk has already been reported In this investigation 
the preparation and analysis of the casern and lactalbumm of ass milk has 
been undertaken and an attempt has been made to study the enzymic 
degradation of ass-milk casern and to compare the results with those obtained 
with cow-nulk casein 


Prepabation of ass-milk casein 

The method adopted was that of van Slyke and Baker (1918) One htre of 
imlk pooled from four asses was used and acid precipitation was earned out 
on the skimmed samples The final pH was adjusted to 4 6 by means of a glass- 
electrode The casern was powdered to pass through a sieve of 60 meshes per 
square inch and stored in lacuo over sulphunc acid The yield of the casern 
on an aierage vas 64 g per htre of the milk Nitrogen was determmed by 
the micro-kjeldahl procedure, sulphur by the method of blasters (1939) and 

( 433 ) 
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phosphorus by that of Fiske and Subbarow (1925) The analysis of five 
samples of casein is shown in Table I — 

Table I 


Proximate analysis of ass-milL casein 


Sample 

numben 

Ash, 
per cent 

1 

! Nitrogen, 

1 per cent 

Phosphorus, 
per cent 

Sulphur, 
per cent 

1 

1 

0 12 1 

1 16 12 

1 01 

0 64 

2 

1 

' 15 43 

0 99 

0 64 

3 


14 76 

0 89 

0 68 

4 

0 19 

16 32 

0 96 

0 61 

5 

1 

1 


16 06 

0 96 



The phenolphthalem equivalent, formal titrable mtrogen and specific gravity 
of the milk casein are presented m Table II — 

\ 

Table II 

PhenolphfJialein equivalent, formal titrable nitrogen aiul specific gravity 

of ass-milh casein 


Sample 
number | 

1 

Ml of 0 IN alkali 
required to 
neutralize 

1 g of casern 

Formal titrable 
nitrogen m 
ml of 0 IN 
alkab 

SpeoiBo gravity 
at 22°C 

1 

9 23 

2 10 

1 32 

2 

9 10 

2 16 


3 

10 60 

2 72 

1 20 


Number 3 was a sample from cow milk prepared by the van Slyke and Baker 
(JLoc cit) method, which was used wherever necessary m the present mvestigation 
Though it is known that the density of caseins vanes with the method of prepara- 
tion, it IS interesting to note that ass-mdk casein is a httle denser than cow-milk 
casern, when prepared under identical conditions 

The lhtrogen distribution of ass-milk casein 

The need for accurate information as to the quantities of the ammo acids 
yielded on the acid hydrolysis of protems, m general requires no emphasis m view 



C F AnaniaLrishnan and iV L Lahinj 


435 


of the importance of ammo acids m nutrition In the present investigation the 
\ an Sh ke method was used with the follomng modifications — 

(i) The anude mtrogen vas detcrnuned bv distillation m the Parnas 
Wagner apparatus for 4A minutes (Damodaran, 1931) 

{it) The dicarboxylie acid mtrogen was also determined according to the 
method of Damodaran (foe ctl ) 

(ill) The basic phosphotnngstate was dissolved in sodium hydroxide solution 
and the phosphotungstic acid removed by means of banum chlonde 
This final solution of the bases was used for the determmation of 
arginine by bodmg with 40 per cent sodium hydroxide (van Slyke) 
Axginme was also deterimned independently on a separate aliquot 
of the hydrolysate of the protem by the Hunter and Dauphmee 
(1929-30) method after the removal of the amide mtrogen, and also 
by boding with 40 per cent sodium hydroxide solution 
(m) The histidme value was calculated m the usual way 
(«) Cystine could not be estimated in the basic fraction It was deter- 
imned on a separate hydrolysate by the methods of Folm and Lugg 
(1932) and Lugg and SuUivan (1933) 

(ti) independent determinations of tyrosme and tryptophan were earned 
out by the colonmetnc method of Fobn and Marenzi (1929) 
Tables HI and TV show the mtrogen distnbution and the results 
of the mdependent determmation of the ammo acids — 

Table IH 


Nitrogen distribution of the lartoiis caseins expressed as percentage of 

total nitrogen 


Caserns 

Cow 

Human 

1 As? 

1 

Amide X 

11 70 

1182 

1 10 87 

1 

Hnmm X 

0C8 

0 79 

0 93 


Dicarbo\jhc acid X 


1 

1 17 77 


Argmine X 

7 77 

7 11 1 

1 852 

9 40* 10 G8t 

Histidme X 

2 01 

1 96 1 

5 3S 


Lvsmo X 

11 77 

792 ' 

8 39 


Mono ammo X 

60 91 

59 07 

37-05 


Xon ammo X 

0 41 

9 24 

' D 7’ 

1 i 



Values for human and cow milk ca>^mB are taken from Phramer and 
Lowndes (foe ci( ) 


* Represents the arginme nitrogen on an independent h^ droh sate b\ the 
Hunter and Dauphmee (foe cil ) method 

t Represents the argmine nitroctu on an independent hvdrohsate of the 
protem h\ the ^^ln SIvke method 

3, MR 


O 
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Tablb IV 


Ty^osiiie and tryptophan tn ass-nnlL casein 


1 

Sample , 
number 

Protem 

Tyrosine, 
per cent 

Tryptophan, 
per cent 

1 1 

Casern 

4 00 

0 392 


Casein 

4 09 

0 360 

fM 

Hammarsten’s casein 

6 05 

1 290 

1 

W 

\ 

1 Casern (baryta hydro 
' lysis) 

4 12 

0 430 


Since the figures obtained for tryptophan of ass-milk casein are low when 
compared with other mdk caseins, it was thought that the alkah may have 
destroyed the ammo acid to a great extent Baiyta was therefore used as the 
hydrolytic agent Table IV shows that the values given by the alkali and baryta 
hydrolysis agree closely, confirming the low tryptophan content 

From Table III it is clear that there is not much difference in the values for 
amide or humin mtrogen in the three caseins Tlie dicarboxylic acid nitrogen of 
the ass- milk casein is 17 77 per cent, whereas a value of 15 47 has been reported 
for cow- milk casern (Damodaran, loc cit ) Argimne mtrogen is comparatively 
higher in ass-rmlk casein than the correspondmg value for other milk caseins The 
lysine mtrogen value of cow-milk casein is higher than that given by human- or 
ass-milk caseins The non-ammo nitrogen figures for the ass- and human-milk 
caseins closely agree, whereas m cow-milk casein the figure is very low 

Cystme nitrogen was not included in the scheme of mtrogen distnbution as 
difl&culty was experienced m the determination of cystme sulphur A test for 
sulphur using mtro-prusside reagent was found to be negative Cystine was 
therefore estimated on an independent hydrolysate of the casein by the method of 
Fobn and Marenzi (loc cit ) as modified by Folin and Lugg [loc at ) and also by 
the method of Lugg and Sulhvan (too at ) Decolorization was effected by Norit, 
a treatment which results in no loss of the total disulphide (Lee, 1933) The 
values for the cystme content are given below — 

Cystme (Folm and Lugg) 0 107 per cent 

„ (Lugg and Sulhvan) 0 088 „ 

The value for cystme m ass-milk casein is lower than that obtained for cow- 
or human-nulk casein 

The values obtained for histidine and lysine by the van Slyke method are 
generally higher than those obtained by the Vickery and Leavenworth (1928) 
method The isolation method of Kossel and Kutscher (1900) as modified by 
Vicken and Leavenworth {loc at ) is most reliable for the determination of basic 
ammo acids This isolation method requires large amounts (60 g ) of I'k® 
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matenal and laborious Block (1934) modified it so as to make it possible 
to use only small quantities of the protems Tristram (1939) has made some 
changes in Block’s method nhich was used in the present investigation for 
the determination of the basic amino acids of ass-milk casern The results are 
presented in Table V — 

Table V 


T/ie dibasic ammo acids of ass-nnJk casern 


t 

1 

Sample 

number 

Weight of arginine 
flavianate m g 

1 1 

Arginine N found 
(corrected for argi 
nme silver 1 1 mg 

N per 100 ml ) i 

expressed as percentage i 
of total N 1 

Percentage of 
ammo acid m 
casern 

1 

i 

1 

0 3014 

9 10 

Arginine 

4 23 

2 

0 2880 

9 10 

418 

3 

1 0 2216 

6 62 

300 


HuHdxne dxfiacxanate 

HtsUdint N 

Histidine 

1 

0 2236 

3 13 

1 74 

2 

, 0 2201 

3 18 

1 77 

3 

0 2076 

2 73 1 

1 65 


Lysine picrale 

Lysine K 

Lysine 

1 

1 0 2051 

6 17 , 

4 07 

2 

0 2341 

4 73 1 

3 71 

3 

0 3321 

6 0S 

4 92 


Samples 1 and 2 are caserns from ass milk and sample 3 is Hammarsten’s 
casern taken as a standard for analysis 


The arginine lalue for the ass-milk casern obtamed by the van Slyke and 
Tristram’s method are 4 48 and 4 21 respectively For histidme the results 
obtamed by Tristram’s procedure are about one per cent lower (1 75) when 
compared to the values obtained by the van Slyke method (2 97) The lysine 
value (6 5 per cent) given by the van Slvke method is high m comparison with 
the value obtamed by Tristram’s method (3 89 per cent) 

Enzymic cleavage of casein from ass akd cow milk 

A considerable amount of work on the enzymic digestion of protem has been 
carried out, more especially on casein, egg albumin and edestin Hunter and 
Dauphinee (foe cil ) found that the argimne was rapidly liberated from casein 
on tryptic digestion, but with edestin the rate was much slower Gode and 
Sahasrabudhe (1929) subjected caseins from cow and buffalo rmlks to the action of 
pepsin and trypsin and found that the buffalo-milk casern was less readily digested 
Tjwosme, triptophan and cystme have been found to be amongst the first to 
appear, and to be liberated completelv in a relativelv short time Ragins (1928) 
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found that after one hour’s dfgestion with pancreatiUj casein yielded 75 per cent 
of its tryptophan It was therefore of interest to study the rate of hberation of 
some of the amino acids when mammahan caseins were subjected to enzymic 
hydrolysis in order to find out if any structural difference among the vanous 
caserns could be revealed 

Hydrolysis of ass- and coiv-milL caseins by trypsin — 2 per cent solution of the 
caseins was prepared in Sorenson’s phosphate buffer of pH 7 7 The solutions 
were filtered and total mtrogen was determined on 5-nil aliquots of the solutions 
One per cent Pfanstiehl’s ti^qism was also prepared m the same buffer Thirty 
ml of casern solution were added to a senes of six 60-nil standard flasks and main- 
tamed at 37°C The trypsm solution was also maintamed at 37°C and 3 ml of the 
enzyme solution were added to each flask At definite intervals, a flask was taken 
and made to mark with 10 per cent trichloracetic acid After 10 minutes the 
contents were filtered Total and amino nitrogen (formal titration on neutralized 
solutions) (Northrop, 1926) were determmed m the filtrates Table VI gives 
values for total as well as a mm o N in mdhgrams per 16 ml of trichloracetic acid 
filtrates from cow- and ass-milk caseins — 


Table VI 


Tryptic digestion of cow- and ass-imlL caseins 




CoWMHiK OA0EIN 



Ass TUTT.-g CASEIN 


Digestion time 
m mmntes 

Total mtrogen 

Ammo N 

Com- 

plexity 

Total mtrogen 

Ammo N 

Com 

plexity 

0 


(7 1) 

042 

47 

3 04 

(14 2) 

0 29 

10 6 

10 


(23 3) 

0 76 

86 

9 93 

■fcMiiW 

044 

22 5 

20 


(38 7) 

1 41 

7 6 

14 68 

(61 7) 

0 94 

16 0 

40 

17 63 

■Ml 

1 72 

10 0 

19 32 


1 27 

16 2 

GO 


■HI 

2 22 

90 

19 74 

B 1 w H 

1 69 

11 6 

120 

23 48 

(84 4) 

2 91 

80 

21 60 

(76 7) 

1 86 

11 5 

240 

26 42 

(914) 

3 01 

84 

22 37 

(78 8) 

204 

10 8 

Total mtrogen m 
16 ml of the 
reaction mix 
ture 

27 81 




28 40 





Brackets refer to mtrogen expressed as percentage of total mtrogen m the reaction mixture 
The term ‘ complexity ’ refers to the ratio of total mtrogen to ammo nitrogen 

A stud}" of Table VI reveals that during the course of tryptic digestion the 
casein from ass milk was brought into solution at a very much faster rate in the 
initial stages during the first 20 minutes At the end of four hours the digestion 
figures shown in brackets in Table VI amounts to 79 per cent in the case of ass-milk 
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casern, vrliile the corresponding figure for cow-milk casern is 91 per cent 
representmg a liigher digestibility for cow-milk casern This is an unexpected 
result, i\hich, at first sight, is not in harmony with the experimental fact (Bhagvat 
and Sreemiasaja, 1936) that ass milk is more easily digestible than cow milk It 
has, however, been generally found by Bhagvat and her collaborator that the 
digestibility of the casein particle m its natural environment (milk) is different 
from the digestibility of the casern prepared from the milk In the case of ass 
nulk, probably this difference is very pronounced The casein from ass milk 
has a remarkable tendency towards aggregation, the moment it is separated from 
its natural environment by acid precipitation 

Cow-milk casern, under the conditions of experiment, undergoes a higher 
degree of proteoclastic degradation and an average complexity of 9 0 for the 
hydrolytic products was attamed m the course of the first two hours Ass-milk 
casein, on the other hand, on digestion under similar conditions and during the 
same period, yields hydrolytic products whose average complexity amounts 
to 11 7 

The low digestibility (79 per cent m four hours) of the casern and the higher 
complexity (11 7) of the resultmg products of hydrolysis, which characterises the 
enzynnc degradation of the ass-milk casern, as compared with the correspondmg 
figures for cow-milk casern, pomts to a decisive difference m the nature of the two 
casern preparations 

TryphG Uberattan of tyrosxne and tryptophan from ass-wilh casein — The 
colonmetnc method of Bagins (loo at ) was followed Tryptophan was 
precipitated as the mercury salt and tyrosine was also deteimmed on the 
filtrates at different mtervals Tryptophan nas deterrmned by the indirect 
vanilhn-hydrochloric acid reaction A blank containing no protein but trypsin 
was treated similarlv The results are presented m Table Vli — 

Table VII 


Tyrosine and tryptophan in mg per 6 ml 
of the reaction mixture 


1 

Tune m hours j Tyrosme 

Tryptophan 

06 i 200 

0103 

10 240 

0114 

GO 400 

0 287 

24 0 4 21 

0 270 

62 0 4 10 

0 385 

67 0 1 4 20 

0 385 

90 8 1 

0 396 

116-0 ' 

0 430 

139 0 j 

0 430 


Table \TI shows the rate of bberation of specific ammo acids, such ns tiuosine 
and tryptophan The rate at which tryptophan gets spht off from con -milk casein 
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IS higher than tlie rate at which tryptophan is liberated from ass-milk casern 
(Ragins, loc cit ) After one hour about 25 per cent of the total tryptophan 
IS hberated during the enzymic digestion of ass-miLk casein During the same 
period, cow-milh casein, accordmg to Ragins, yields 15 per cent of its tryptophan 
Further, equilibrium is reached in ass-nidlc casein at the end of 115 hours and _ 
the amount corresponds to 0 43 per cent of casern This is in agreement with 
the tryptophan content of ass-milk casein previously reported The low content 
of tryptophan is once again confirmed from these values It is to be observed 
that the tyrosine liberated reaches a maximum at the end of 24 hours m 
ass-milk casein 

Liberation of pJtosphorus from ass-milL casein by trypsin and pepsin — ^Dunng 
recent years, the problem of elucidatmg the position and mode of linkage of phos- 
phorus in the casein molecule has received the attention of several mvestigators 
It 18 well established that the phosphoric acid group of the phosphoproteins, such 
as casern and isthuhn, is not in the nature of an morgamc impurity but defimtely 
constitutes an integral part of the casern molecule (Hammarsten, 1906) It was 
therefore of mterest to determine the nitrogen-phosphorus ratio of the hydrolytic 
products of ass-milk casern when subjected to the action of trypsm and pepsin 
It was thought that the results might reveal differences in the composition and 
character of the phosphopeptones The method employed was similar to that of 
Stirhng and Wishart (1932) except that Pfansteihl’s pepsin and trypsm were 
used The results of the tryptic and peptic digestion of the ass-milk casein are 
presented in Tables VIII and IX — 


Table VIII 


Liberation of phosphorus and nitrogen during the tryptic digestion of 

ass-milh casein 


EXPERIMENT I 

EXPERUIENT H 

10 ML 

OF THE BEAOnOK MTXTHEE 

10 ML 

or THE KEAOnON MIVTUBE 

CONTAINS 7 18 MO N AND 

CONTAINS 14 61 MG 

or N AND 


0 446 MG OF P 


\ 

0 898 MG OF 

P 

Time m 
mmutes 

Soluble N 

Soluble P 

Time m 
mmutes 

Soluble N 

Soluble P 

10 

3 18 

— 

10 

1 

1 84 


20 

4 40 


20 

2 83 1 

j 

30 

6 82 


30 

4 22 


40 

6 90 


40 

6 02 1 


60 

GOG 


00 

GOG 


CO 

G69 


76 

7 10 1 


70 

C81 


00 

8 61 


80 

0 81 


106 

9 77 1 




IHli 

120 

' 9 66 I 
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TABLb IX 


Liberation of pJiospJiorus and nitrogen during the peptic hydrolysis of 

ass-milk casein 


EXPERIMENT I , EXPERBIENT H 


10 ML OF BEACnOK MIXTtJBE ^ 10 ML OF KEACTION MTSTUBE 


Timo m 

CONTATNS 9 26 MO OF N 

OOKTAMS 16 66 MO OF N 

minutes 

Aim 0 60 MO OF P 

AND 1 080 MO OF P 

1 

1 

Soluble N j 

1 ] 

Soluble P j 

i 

Soluble N 

I 

Soluble V 

1 

10 1 

4 66 

* 0 139 

1 

, 6 67 

0 097 

20 

6 16 

1 0 160 

6 20 

0 164 

30 

6 72 

' 0 169 1 

I 6 94 

0 20S 

40 

6 13 ' 

‘ 0 162 ' 

7 20 

0 220 

60 

i 6 10 , 

, 0 170 , 

, 746 

0 226 

60 

6 39 

1 0 170 1 

7 60 

0 230 

70 I 


1 

7 90 

0 241 

80 


1 1 

7 72 

0 262 

90 ! 



8 31 

0 270 

100 



1 8 60 

0 270 




Table X 


Nitrogen-phosphorus ratios of trichloracetic acid precipitate of the 
ass-mdk casein during tryptic and peptic hydrolysis 


Tbypsin espebiment 

Pepsin expeeimekt 

Tune m 

I 1 

n 

Tune m 

1 , 

II 

mmutcB 


mmutes 


10 

i 1 

25 7 1 

18 7 

10 

11 2 

10 3 

20 

j 

20 7 

20 

96 

10 2 

30 

39 0 

22 0 

30 

86 

10 0 

40 

36 6 ; 

27 3 

40 

78 

98 

60 1 

, 

40 0 1 

60 

8-0 

96 

76 

1 

67 3 1 

60 

6 0 

96 

90 


24 0 

70 


0 1 


1 


80 






90 


9 1 


! 


100 


87 

1 


There are certain points of resemblance between the \alues presented 
above and those reported by Stirling and Wishart (loc cit ) These confirm 



442 


Casern and L.actalhnmin of Ass Mill 


the findings that the rates of attack of trjqjsm and pepsin are fundamentally 
different As in the case of ass-milk casein, the rate of liberation of phos- 
phorus (soluble) in the ass-inilk casein is greater than that of acid-soluble 
nitrogen It is interesting to note that with a low concentration of casein 
as substrate, all the phosphorus is rendered soluble, so that the nitrogen- 
phosphorus ratio of the acid-insoluble material rises rapidly The results also 
confirm the findings of Stirbng and Wishart (loc cit ), and Herd (1936, 1937) 
that with pepsin acid-soluble nitrogen is liberated in preference to acid-soluble 
jihosphorus Naturally, the trichloracetic acid insoluble residue contains a 
higher proportion of phosphorus 


Lactalbumin from ass milk. 

Lactalbumm was prepared by tJie salting-out process using ammonium 
sulphate (Sorenson and S(^renson, 1939) A litre of miUc was used at a time 
Casein was precipitated by dilute acid, separated and washed twice To the 
combined washings and centrifugate an equal volume of saturated ammomiiin 
sulphate solution was added After 24 hours standmg, the solution w'as 
centrifuged and the centrifugate stored in an ice-chest for subsequent treatment 
This experiment was carried out for a period of seven days, with fresh lots of 
milk every day The clear combined casem-globulin free solution (20 2 litres) 
was saturated with ammomum sulphate, and allowed to stand overmght The 
solution was then filtered by gravity and the precipitate dissolved in a known 
volume of water Saturated ammomum sulphate solution was added to brmg 
the solution to half saturation and left overmght The solution was filtered 
and the process repeated six tunes After the third fractionation no globulin 
precipitate was observed The final albumin precipitate was dissolved m 
200 ml of water and subjected to an exhaustive dialysis m a continuous collodion 
dialyser apparatus (Sorenson, 1916-17), at a dinunished pressure of 28 cm to 
34 cm of Hg, for 12 days agamst distdled water m the cold The albumm from 
the dialysed solution was precipitated with ice-cold 95 per cent alcohol After 
drymg in vacuum, the material was a feathery white powder easily soluble 
in water 

The lactalbumm of ass milk prepared in the above way gave the following 
analyses N = 14 11,S=129 and P =r 0 14 per cent 

Nitrogen distribution of the lactalbumm from ass milk — The mtrogen partition 
of the protein was carried out by the procedure adopted by Phmmer and Rosedale 
(1925) Tjurosme, tryptophan and cystine were also determmed The results are 
presented m Table XI 

These albununs differ m their histidine and lysme contents The albumin 
of the human milk is higher m its lysme content than the albumins from cow and 
ass milks As the material available was limited Tristram’s procedure for dibasic 
ammo acids was not followed 
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Narogcn <h<<lr)buhmi of the various lactalbimius expressed as percentage 


of total mtiogeii 

R'lct'ilbumins 

Cow 

Human 


Ass 

Amide N 

8 73 

90A 

7 34 


Hiimin N 

0 81 

1 GO 

1 08 


Arginine H 

7 23 

10 02 

1016 

11 14* 12 27t 

Histidine N 

3 S5 

1 20 

2 43 


LjBine N 

10 91 

13 05 

10 70 


Mono nmino N 

00 03 

00 50 

03 19 


Non ammo N 

2 05 

2 01 

2 02 



* Represents the nrginine nitrogen on nn independent hydroljsnte by 
the Hunter and Dnuphineo (loc cit ) method 

■f Represents the arginine nitrogen on nn independjnt hydrolysate of the 
protem by the inn Slyke methotl 

The tyrosine, tryptophan and cystine content of the lactalhiinun of ass milk 
are 2 92 0 97 and 2 GO per cent respectively 

Summary 

Casern from ass milk- has been isolated m a fairly pure state On analysis the 
preparation has been found to contam a higher amount of phosphorus tlian the 
milk casern of other mammaban species Arginine mtrogen is present in greater 
quantity m ass-milk casein than in con -milk casern 

2 The enzymic digestion of the ass-mitk casein has been earned out and 
the rate of bberation of tyrosme and tryptophan has been observed 

3 Casern from ass milk has been subjected to the action of trypsm and 
pepsm The mtrogen-phosphorus ratio of the acid-soluble fraction, at different 
mtervals of time, has been determmed The results rvere similar to those obtamed 
from covr-milk casern 

i The lactalbumm from ass milk has been prepared and analysed A 
lower content of tryptophan, tyrosme and cystme and a higher lalue for lysme 
as compared with other lactalbumins characterizes the preparation 

Ackr owledgments 

The authors wish to express thanks to late Dr W L Daiies, Director 
of Dairy Research m India, for criticisms and advice throughout this 



444 Casein and Lactalhumin of Ass Milt 

investigation, and to Messrs M Sreemvasaya and B N Banerjee 
interest and support 


A^AOTAKBISH^AN (1941) 

Bhaovat nnd SREENiVASA-i a 
Block (1934) 

Bosvobth and ^A^ Slike (1916) 
Daaiodaean (1931) 

Fiske and Subbabov (1925) 

Folin nnd Ltroo (1932) 

Folin nnd JIabenzi (1929) 

Gode and Sahasbabudhe (1929) 

Hammabste> (1900) 

Heed (1930) 

Idem (1937) 

Huetee and Dauthinee (1929 30) 
Kossel and Kutscdeb (1900) 

Lee (1933) 

Lugo nnd Sullivan (1933) 

Masters (1939) 

NoETHBor (1920) 

Plimmer and Lowndes (1937) 
Plijijier and Rosedale (1926) 
Baoins (1928) 

Si)Jeenson (1915-17) 

Sorenson and S<^benson (1939) 
Stieunq and Wishabt (1932) 
Tristram (1939) 

VAN Slyke and Baker (1918) 

1 lOKERY and Leavenavorth (1928) 


Jour Dairi/ Jles , "12, p 119 
Current Set , 5, p 134 
Jour Biol Clicm , 106, p 467 
Tech Bull , 46, p 3 
Biochetn Jour , 26, p 2123 
Jour Biol Chem , 66, p 376 
Btochem Jour , 27, p 008 
Jour Biol Chem , 83, p 89 
Jour Centr Bur Antm Hush <L Dair , 
3, p 10 

‘ Chemistry of proteins ’ 

Btochem Jour ,Z0,p 1743 
Ibid, 31, p 1478 

Jour Biol Chem , 85, p 027 
Zell Physiol Chem , 31, p 166 
^wier Jour Exper Biol <6 Med , 13, 
p 229 

Btochem Jour, 26, p 2100 

Ibtd , 33, p 1314 

Jour Oen Physiol , 9, p 767 
Btochem Jour,Z^,p 1762 
Ibtd, 19, p 1004 

Jour Biol Chem , 80, p 661 
Compl rend trav lab Carlsbcrg, 12, p 24 
Ibid , 23, No 7 

Btochem Jour ,2Z,p 1989 
Ibtd, 33, p 1271 
Jour Biol Chem , 35, p 127 
Ibtd, 76, p 707 


REFERENCES 
(1936) 



Ind JouT Med Res , 30, 3, July, 1042 


DISTEIBUTION OF BLOOD GROXJPS IN A 
MADRAS POPULATION 

BY 

N SESHADRINATHAR, m b , b s , d t m (Cal ), 

AND 

B TIMOTHY, MEGS (Eng ), n b c p (Lend ) 

{From ilte King Instiluie of Preventive Medicine, Gnindy ) 

[Beceivcd for pablioation. May 14, 1942 ] 

Thi. publication of the following blood group figures from a Madras population 
may be of interest Such a large number (2,334) has not been recorded from 
Madras so far as we are aware Tlie collection mcludes a few Mohammedans, 
Anglo-Indians and Indian Christians besides Hmdus 

Samples of blood received for Wassermann and Kahn tests n ere utihzed for 
grouping The cells were separated by centnfugalization and were then washed 
with normal salme solution A two per cent suspension of the cells was used 
for determining the group and macroscopic shde agglutmation was the method 
adopted Standard group sera were used 

The results are given m the Table along with figures for some of the tnbes 
and commumties of India pubhshed by vanous workers for comparison — 


Tabue 


Community 

O) 

•2 

^ , Blood group 

1 ^ 

Skydeb's foe 

ULULA 

Figures published by 

j 

Total blood 

1 grouped 

O 

A B AB 

t 

! 

P q 

! ■ 

i r 

1 

! 

Hmdus — Madras 
Presidency 

Hmdus— Calcutta 

1 1 

1,834 . 39 2 

1 

1,302 j 30 02 

24 42 30 2 4 S4 

21 8 ' 34 0 7 5 

« 

16 68 20 23 

I 

16-0 1 23 8 

62 61 Scsbadnnathan and 
Timothy (present 

1 senes) 

GO-0 , Groval and Chandra 
(1940) 
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Table — concld 



CO 

0) 

'Ph 

a 

1 ci 
! ^ 

Blood 

OROur 


Snider’s 

JIULA 

FOR- 


Commnnity 

Total blood 
grouped 

1 

0 

A ' 

1 

j 1 

1 

1 

1 

' B 

AB 

P 

q 

1 

r 

Figures published by 

Hindus — U P 

2,S57 

30 2 

24 6 1 

1 37 2 

8 1 

17 9 

20 1 

^ 64 9 

1 

Malone and Lahin 
(1929) 

Mohammedans — 
Madras Presi 
dency. 

141 

31 24 

28 4 

38 34 

1 

j 2 13 

1 

10 69 

22 79 

66 0 

Seshadnnnthan and 
Timothy (present 
series) 

Jl^ammedans — 
Calcutta 

^21 

29 6 

1 

24G 

I 

' 30 4 

! 03 

1 1 

18 8 

20 6 

1 

|643 

1 

Greval and Chandra 
(1940) 

Anglo Indians — 
Madras 

47 

56 32 

19 6 

1 

26 32 

1 0 

1 



1 

Seshadrinathan and 
Timothy (present 
senes) 

Anglo Indians — 
Calcutta 

340 

37 2 

1 37 8 

1 \ 

1 

19 3 

i 64 

1 

24 8 

13 4 i 

! 

00 8 

Greval and Chandra 
(1940) 

Anglo Indians — 

I M D Students 

07 

40 29 

1 41 79 

14 92 

' 2 98 

1 1 

26 7 

94 

1 

03 2 

Ihd. 

Dravidtans 



1 







Todas ! 

200 

1 

29 6 

19 6 

38 0 

13 0 

17 8 

1 

30 0 

64 3 

Pandit (1934) 

Santals — Chota | 
Nagpnr 

689 

243 

' 27 6 

1 

30 8 

114 

1 

1 

21 8 

28 0 

49 3 

Malone and Lahin 
(1929) 

Indian Christians — 
Madras 

95 

41 05 

23 16 

1 

\ 

1 ! 

1 1 

31 6 

1 

1 

1 

4 21 

1 

1 

1 

j 

1 

1 


Seshadrmathan and 
Timothy (present 
senes) 


It would be seen that very httle dijfference in group distribution is noticed 
between the Hindus of Madras and the Hindus of Calcutta Both 0 and B groups 
are higher than group A Group 0 is foynd to be less among the Hindus of the 
Umted Provinces as compared with those of Madras and Calcutta Greval and 
Chandra (1940) conclude from their data that there is practically no difierence 
in the percentage distribution of blood groups between the Hindus and the 
IMohammedans of Calcutta Our figures for hfadras similarly show very little 
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difference between the percentage distnbution bet'iveen Hindus and Moham- 
medans The Anglo-Indians of Madras (the number tested is too small to be of 
^alue) have a higher B figure than the Anglo-Indians of Calcutta The higher 
percentage distnbution of 0 and B groups m Madras is probably due to Dravidian 
and Aryan admixture 
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^r[SC0-ELASTIC PROPERTIES OF UNSTRIATED MUSCLE 

BY 

Captatn IIjIDERJIT SINGH, i m s 


[Received for pnbbcation. Match 10, 1942 ] 

"WiNTON (1930) explained the viscous elastic properties of unstnated muscle 
by means of a triple mechamcal model similar to the one for stnated muscle 
(Gasser and Hill, 1924 , Levin and IVyman, 1927) Neglectmg the undamped 
elastic phase, the extension curves of unstriated muscle, according to Winton, 
are compounded of an exponential cime and a hnear curve Though no 
mathematical expression is given, the equation for such a curve vould be of 
the form — 

Al + B (/) 

Now, this 18 precisely the equation for the motion of a body against resistance 
under a constant propeUing force It has been shown (Singh, 1938) that the exten- 
sion of unstnated muscle is governed not only by a viscous resistance but also 
by the resistance offered by tone of the muscle , any substance that mcreases 
the tone of the muscle also dmumshes the rate of extension and the terminal 
velocity of extension This diminution m the rate of extension is not due to 
a viscous resistance, as the rate of shortemng is mcreased , it is due to the force 
of contraction 

In this paper a simple mathematical treatment of the subject is presented 

H unstriated muscle extends with uniform velocity, then the forces causing or 
resisting the extension must be constant The force of extension is gravity, while 
that of resistance is the viscosity and tone of the muscle We may therefore 
assume tone to be a constant force os a first approximation, as it may vary with 
the length of the muscle This is sufficiently accurate for our purposes, as only 
partial extension of the muscle is being considered here 

The extension of the undamped elastic system in unstnated muscle is so 
rapid compared with that of the damped system, that it may be considered to be 
instantaneous, producing an impulse, uhich imparts an initial \ elocity = to 
the damped elastic system 
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Visco-Elastic Piopeities of Unstnated Muscle 


Neglecting the puie viscous system of Winton {loc cit), the extension of 
unstnated muscle reduces to the consideration of the extension of a damped 
elastic system, similar to that considered by Gasser and Hill Qoc cit ) for striated 
muscle If the differences between the properties of striated and unstnated 
muscles are taken into account, then the postulation of a pure viscous system 
in the latter is unnecessary, and the model of Levin and Wyman {loc cit ) 
serves for both 

The fundamental equation of motion of such a system is — 

m~+L~+px= mg {2) 

dt" 

where x = extension, t = time, m — the extending weight, g — gravity, h = 
coefficient of viscous or internal residence, j) = restoring force v hich is proportional 
to the extension 

For unstnated muscle the equation would be of the form — 

mg ~ T (5) 

dr 

where T = tone of muscle 

Compared to striated muscle, unstnated muscle is very extensible, so that 
for partial extension p may be taken equal to zero The equation of motion for 
unstaated muscle is theiefore — 

’» ® - r 

dr 

The solution of this equation is — 


since the initial velocity is greater than the limiting velocity = V = ^ 

may be considered equal to « + Substituting this value in (5) the 

equation becomes — 

vhere a = F — 

JJ! 

This equation (6) is similar to (/) The terminal velocity V = ^ » 

T __ m - r 
h — ,, 
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The equation for the release curve is— 



(7) 

(S) 


where • • 

h and T can be found by examination of one release and one stretch curve by 
the equation — 


or by using more than one stretch curve by varying the value of m 

found by the equation T = — , 

v + r^ 


(9) 

Tone is 
{ 10 ) 


(mj — fligl 

Using two stretch curves k = ^ — - y 9 

Where and »/i 2 are masses, and Vi and Fg the corresponding velocities In 
the Table are given some figures for k and T of MytUus muscle from my previous 
papers in arbitrary umts In every case where contraction has occurred, the 
value of T has mcreased 


Table 


Effect of certain solutions on viscosity (k) and tone (T) of Mytilus 
muscle , units arbitrary 


Number 
of muscle 

Control solution 

T 

1 

Experunental solution 1 

T \ 

1 

1 

1 

Sea -water, pH 7 8 

1 ! 
28 j 

i ^ 

1 

Sea water, pH 4 4 1 

1 

62 

31 

2 

Sea -water 

704 

1 11 

Sea water with excess of : 
magnesium 

26 

2 1 

3 

Jlf^ilus Balme 

156 

2*6 

1 

0 1 Af KCL ' 

36 

6-04 


The Levm-Wyman model is thus apphcable to unstnated muscle , the damped 
sprmg is very weak. To mtroduce tone in the model, an electric current may be 
passed through the spnng, which will make the sprmg contract The attraction 
between the cods wdl vary mversely with the square of the distance It is not 

MR g 
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known what law governs the wrinkling of myosin molecules, but the behaviour 
of unstnated muscle is somewhat in accordance with a similar law It wdl be 
seen from the Graph that the velocity of extension may increase prior to its 
final exponential diminution due to the boundary elastic system A further 
examination of the subject will be presented in a later paper 


Graph 



Extension of Mylilvs muscle 


Summary 

A mathematical equation for the extension of unstnated muscle is git en , the 
Levin-Wyman model for striated muscle is also applicable to unstnated muscle, 
provided the diSerences between the properties of the two muscles are taken into 
account 
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THE EFFECT OF NEUROTOXIN, HiEMOLYSIN AND 
CHOLINE ESTERASE ISOLATED FROM COBRA 
VENOM ON HEART, BLOOD PRESSURE 
AND RESPIRATION 

BY 

B B SAEKAR, 

S R MAITRA 

{Department of Physiology, Calcutta University), 

AND 

B N GHOSH 

{Department of Applied Chemistry, Calcutta University) 

[Keceived for publioaUon, Slay 6, 1942 ] 

Venoms of snakes kave been found to have different actions — ^neuiotoxic, 
haemolytic, etc — ^and poisons from different species have a preponderance of one 
or other of the principles The various physiological effects of crude cobra venom 
have been studied by different 'workers In order to ascertain which of the 
physiological effects is produced by which of the constituents of cobra venom, 
it IS essential that the active principles of the venom should be isolated and 
their properties mvestigated separately Ghosh, De and Choudhun (1941) have 
succeeded m isolating from the crude cobra venom various enzymes together with 
neuroto'un and haemolysm 

The follomng work was undertaken to determine the actions of some of the 
separated principles, especially neurotoxm, hcemolysm and cholme esterase obtamed 
from the venom of the Indian cobra {Naia naia) by Ghosh, De and Choudhun 
(?oc cif ) The preparations were stored in desiccators kept inside a refrigerator and 
solutions were prepared just before use It was found that the preparations lose 
their strength if kept dissolved even for 24 hours, which confirm the findmgs of 
Calmette and Massor (1914) The actions of the neurotovm, the haemolysm, the 
cholme esterase and also of the crude cobra i enom on the heart, the blood pressure 

( 453 ) 
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and the respiration were determined The mid of the neurotoxin used was 0 021 
mg for the pigeon and that of the crude venom 0 1 mg Tlie sample of hfemolysm 
was weight for weight 11 times more effective than the crude venom 

The action of the neurotoxin, the hemolysin, the choline 

ESTERASE AND THE CRUDE COBRA VENOM 

(1) Effect on toad’s heart — The experiments were performed on about 60 toads, 
weighing between 70 g arid 100 g The heart was exposed and a cannula carefully 
tied without damaging the sinus Ringer-Locke solution, the pH of which was 
carefully adjusted to 7 6, was led into the heart, by a piece of rubber tubing from 
a Simm’s cannula, the overflow tube of which was placed 4 inches above the heart 
Thb perfusion pressure was thus kept constant at 4 inches of water throughout the 





" IT f I' 


Fig 1 — Effect of crude cobra venom (concentration 1/600) 
on toad’s heart 


whole senes A reservoir kept at a higher level supplied a steady stream of 
perfusion fluid into the Simm’s cannula Measured amounts of difierent strengths 
of the venom or of the separated principles dissolved in Ringer-Locke solution, 
were run into the Simm’s cannula after simultaneously cutting off the supply of the 
normal perfusion fluid from the reservoir When all the toxin solution had run in, 
this supply was replaced by Ringer-Locke solution for washing out the heart In 
most cases the heart was perfused in situ, but in some of the experiments the 
heart isolated from the body was used The results obtained in both the cases 
were similar 

Tables I to IV give the analysis of some of the typical results of perfusion 
with the different principles — ■ 
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1 87 88 1 in 10,000 0 2 87 90 1 12 

‘ (Irregular) 

1 4 78 1 in 1,000 4 2 0 04 0 8 

(Irregular) 



456 Actions of Neurotoxm, etc , isolated from Cobra Venom 



(Irregular) 






Cnide cobra vemni 
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Systolio contracture 



458 Actions of Neui otoxin, etc , isolated from Cobra Venoni. 




B B SarJuir, S R Maitra and B N Ghosh 


459 


The augmentation of contraction of frog s heart with cobra venom was noted 
by Cnshney and Tagi (1918), Basu (1927), Gautrelet, Halpem and Cortiggiam 
(1934) and Gottdeuker and Waschstem (1940) The subsequent enfeeblement of 
contraction and systobc contracture was also noted by Eliott (1904), Epstem 
(1930), Esawe (1933), Nakamura (1933, 1934), Kusnetow (1936), Gottdenker and 
Waschstem (loc cit ) In our experiments with the crude cobra venom wo 
obtained augmentation of contraction lasting for a short time, followed by a 
dimmution m height of contraction to less than the normal m all concentra- 
tions (Table III) With higher concentration (1/10,000 or more) the heart be- 
came irregular with ventricular block, which disappeared on washmg except 
with concentration above 1/1,000 when the block persisted On perfusing the 
heart with venom concentration of about 1/600, after the imtial stimulation. 



(cr) (6) 

Fia 2 — (a) Effect of neorotoxin on toad’s heart (1/100,000) (6) Effect of 

neurototm on toad’s heart (1/1,000) x Dram stopped for 1 mmnte 


the heart stopped m systole which was not recovered from even after prolonged 
washmg The degree of reaction to each dose of crude cobra venom, of neuro- 
tovm and of hsemolysm differed m different toads, some bemg more sensitive 
or resistant than others 

Most of the effects of perfusion with neurotoxm are similar to that of the 
crude cobra venom (Table I) The mam differences are that the aunculo- 
ventncular block is less evident and the systolic contracture of the heart is not 
obtained with neurotoxm On perfusmg with neurotoxm there is an immediate 
augmentation of both auricular and vcntocular contractions, especially the latter 
This 18 followed by dimmution of contraction and m most cases the heart 
beatmg regularlj The heart beats irregularly if the concentration of the 
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neurotoxin is 1 /10,000 or more, but on wasbing the beats become regular and 
approach the normal strength No stoppage of lieart with systolic contracture 
was obtained even with very concentrated solutions of neurotoxin In some 
toads there was only a slight contracture for a few beats 

On perfusmg vith heemolysin there is an augmentation of both auncular and 
ventricular contractions followed by marked diminution of contraction and irregular 
beating of the heart (Table II) This irregularity with auriculo-ventricular block 
was obtained in every case, even with a dilution of 1 /1, 000,000 and was not removed 
in most cases even after prolonged washing 





(o) 



(P) 

FiO 3 — (a) EfiFect of Iitomolysin on toad’s heart (1/1,000,000) (6) Effect 

of hasmolysin on toad’s heart (1/600) x Drum stopped 


Perfused with strong solution of cholme esterase (1/1,000 or more), tie 
toad’s heart showed slight augmentation of contraction (Table IV), which dis- 
appeared qmckly after washing, the force and frequency of the heart remaining 
regular 

Gottdenker and Wachstein {loc cit ) did not find any change in the frequency of 
the heart beat after perfusmg with cobra venom In our experiments with crii c 
cobra venom we obtained increase m the heart rate durmg the augmentary perio 
and with strong concentration the rate became irregular with group formations 
On perfusmg with neurotoxin no distinct change was observed m the frequency 
of the heart , there was only a slight quickemng durmg the augmentary perio 
V ith hcemolysm, on the other hand, the heart rate increased with the diminution 
of the force of contraction and diminished again on washing The heart also 
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became irregular with the ventricular block persistmg for longer or sborter periods 
IMth cbolme esterase there was no change in the frequency of the heart 

On repeatedly perfusmg the heart with neuiotoxin and hEemolysm, after 
washing with Rmger-LocLe solution after each perfusion, it was found that the 
heart responded to each perfusion in the usual way, but the ventricular block 
persisted in the case of heemolysin and appeared much later with neurotoxin 
Table V shows the analysis of a typical result of repeated perfusions with 
neurotoxin 

(2) Effect on mammalian heart — ^The effects of the venoms on intact rabbits 
and gmnea-pig’s heart were also recorded, the animals bemg aneesthetized 
with urethane After fixing the tracheal cannula the thorax was opened to 
expose the heart and the respiration was maintamed by respiration pump The 
movements of the heart were recorded graphically by attachmg it to a lever 
The different doses of the toxms were injected intravenously, dissolved in warm 
Emger solution 

Gautrelet and Halpem (1934) obtamed acceleration of the heart beat in dogs 
with cobra venom, while Feldburgh and Kellaway (1937o, 1938) found heart failure 



Fiq 4 — Effect of repeated dose of neurotoiin on toad’s heart 

With unpaired conduction with doses of 0 2 mg to 2 0 mg per lolo "We did not 
find any effect on the heart with weak doses of neurotoxm (1 5 mg per kdo), but a 
pronounced and prolonged stimulation of contraction was obtamed vrith bigger 
doses (6 0 mg per kilo) There was no change m the frequency and the beat was 
regular A second effective dose produced further augmentation Similar augmen- 
tary effects were obtamed with htemolysm and with strong dose (8 mg per kilo), 
the heart beat rrregulatly with periods of weaker or stronger contractions The 
heart beat became progressively slower and the beats weaker and ultimately the 
heart stopped The blood taken from the heart was found to have been partially 
hiemolysed On mjectmg a small dose of crude cobra venom (0 5 mg per lolo) the 
heart stopped m a short time 

(3) Effect on blood pressure and respiration — Eabbits under urethane 
amesthesia were used The blood pressure was recorded by a mercunal manometer 
m the usual way and the respiration by Samson Wright’s Eespuation Eecorder 
which along with the rate also records the volume of air breathed The prepara- 
tions were introduced mto the femoral or popliteal vems dissoh ed m 2^ c c of 
warm Emger solution 
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Resttlts 

The effect of cobra vemon on circulation seems to depend on the dose With 
small dose (2 mg in cats and rabbits) Epstein (loc cit ) obtained a rise of blood 
pressure The pressure effect mth small doses was also obtamed bj Ehott 
(loc cif ), Chopra and Iswariah (1931), Venkatachalam and Ratnaginswaran (1934) 
Gottdenker and Wachstem (loc ci( ) using purified venom got lasting rise of blood 
pressure with doses of 6 micrograms to 9 micrograms per Inlo With doses of 
0 25 mg toO 5 mg per lolo in cats Chopra and Iswanah (loc cit ) and Feldbiirgh 
and Kellaway (1937, 1937n, 1938) obtained a steep fall of blood pressure and death 
in a few minutes Gautrelet, Halpern and Cortiggiam (loc cit ) also obtamed fall of 
pressiue in dogs with a dose of 0 1 mg Amuchastagm (1939) obtamed the same 
result m dogs with open thorax In our experiments with crude cobra venom after 
a preliminary nse a sharp fall of blood pressure and stoppage of heart and 
respiration were obtained after mjectionsof 2 mg of crude cobra venom per kilo 



(o) (G 

Fm 5 — (a) Effect of nevirotoxin on the blood pressure end respiration of 
rabbit (6) Effect of a second dose of crude cobra venom on the blood pressure 
and respiration of the same animal after nenrotoxin 


The effects of neurotoxm on the blood pressure of rabbits were found to be 
practically negligible, the dose rangmg from 0 1 mg to 8 5 mg per kilo There is 
usually a very slight gradual rise (2 mm to 6 mm of Hg) The most stnkmg effect 
of neurotoxm is its action on respiration On mjection of 0 2 mg per kilo neuro- 
toxin into a rabbit there is a sbght nse of blood pressure and m 9 mmutes the 
respiration gradually diminishes and stops altogether When the respuation faded 
the blood pressure rose rapidly, due to asphyxia On the admimstration of artificial 
respiration the blood pressure came back to the previous normal level or slightly 
lower and remained steady at this level so long as the artificial respiration was 
maintained In some experiments the blood pressure was mamtamed thus for 
about 2 hours With a dose of 1 25 mg neurotoxm per kdo the respiration 
stopped m 7 mmutes, with 2 5 mg m 44 minutes and with 8 3 mg m 2 mmutes 
A second dose of neurotoxm mto a rabbit under artificial respiration, whose 
had stopped as a result of previous dose of neurotoxin, showed the usual 
shghtreffect on blood pressure which remamed steady On the other hand, mj ection 
in the same way of crude cobra venom (2 mg per kilo) after neurotoxm mto 
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rabbits under artificial respiration, caused a sharp rise of blood pressure followed 
by a rapid fall and stoppage of heart Vago- sympathetic effects on the heart 
and the blood pressure were found to be negative after neurotoxm 

Injection of hsemolysin from 0 2 mg to 6 mg per kilo into rabbits produced, 
as obtamed with neurotoxm, a slight gradual rise in blood pressure, but had no 
effect on respiration Stimulation of vagus produced their usual effects on blood 
pressure, heart and respiration even after more than an hour Blood was found 
to have been slightly heemolysed (6 mg ) With heavier dose about 10 mg per kilo 
both the circulation and the respiration failed in about a rmnute In strong contrast 
to the action of neurotoxm, the administration of artificial respiration failed to 
maintain the heart and the blood pressure On examination the blood was found 
to have been more than 50 per cent hsemolysed After a dose of heemolysin (4 mg ) 



Fig G — Effect of 10 6 mg of hremolyBm on a rabbit 
woighmg 1 6 kg 


which was insufficient to cause the failure of circulation and respiration, injection 
of neurotoxm produced the usual effects and respiration stopped On adminis- 
tration of artificial respiration the circulation remained unaffected, as was found 
with neurotoxm alone 


Admimstration of chohne esterase up to 13 mg per kilo was found to have 
no action on respiration and caused only a slight rise m blood pressure 

From these experiments it is evident that with weak concentration of crude 
cobra venom the heart is stimulated, the force of contraction bemg especially affec^ 
With higher concentration the stimulation is followed by depression with irregular 
ity of the heart’s action, and with high concentration of cobra venom the heart 
stops altogether in systolic contracture These results confirm the work of other 
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authors already cited With small doses of crude cobra venom there is a nse of 
blood pressure, but with higher doses the circulation fads The crude cobra venom 
profoundly affects the respiratory movements, causing paralysis of respiration 
This has already been noted by Rogers (1903), Eliott {loc cil ), Calmette and 
Massor Qoc cit ), Cushney and Yagi (loc cit ), Kellaway (1933), Chopra and 
Iswanah (loc ci( ) and Venkatachalam and Ratnagiriswaran (loc cit ) 

Of the separated principles obtamed from crude cobra venom, the neuroto'^m 
has much the same effect on the heart as the crude cobra venom, but differs markedly 
m one respect The heart does not atop beatmg even with a high concentration 
of neurotoxin as it does with crude cobra venom The f adure of neurotoxm to stop 
a beatmg heart is also seen m the rabbit and in the gmnea-pig with mtact circulation, 
when m response to mjections of neurotoxm the heart goes on beatmg strongly 
Ro distmct effect was found on the blood pressure of rabbits after mjection of 
neurotoxm, pressure remaimng steady at about the normal level provided the 
respiration which had faded was mamtamed artificially The factor present m 
crude cobra venom which is responsible for heart fadure is absent in the purified 
neurotoxm 

The effects of administration of hsemolysm are complicated by the fact that 
it also causes htemolysis of blood In the amphibian heart along with the stimulat- 
ing and mhibitory effects there develops a persistent ventricular block This is well 
seen m hearts damaged by repeated mjections of small doses of htemolysm This 
was also seen m the rabbit and the guinea-pig’s heart with intact circulation Small 
doses of hffimolysm have practically no effect on circulation and do not cause any 
change m the respiratory movements, but with high concentration there is fadure 
of both 

Thus, there is fadure of circulation as the result of administration of crude 
cobra venom and of high doses of hsemolysm The circulatory failure after 
hremolysis is probably due to its haemolytic activity, as it is only evident with 
high doses when there is considerable haemolysis There is also no stoppage of 
the perfused toad’s heart even with strong solution of hsemolysm The factor 
responsible for the stoppage of heart and circulatory fadure with crude cobra 
venom may be present m fractions not removed as neurotoxm or as haemolysin 
or as cholme esterase Other factors, such as bberation of histamme (Feldburgh 
and Kellaway, 19375, 1938), action of lysolecithm (Feldburgh and Kellaway, 
1938 , Feldburgh, Holden and Kellaway, 1938), may be also contnbutory No 
attempt was made to clear up these problems, which wdl be dealt with m a 
subsequent commumcation 


Summary 

1 Purified neurotoxin separated from crude cobra venom causes m the 
perfused toad’s heart prmcipally augmentation of the force of the heart beat With 
a concentrated dose or with repeated small doses there is irregulnnty with ventn- 
cnlar block which disappears with the washing of the heart Neurotoxin also 
stimulates the rabbit’s or the guinea-pig’s heart with intact circulation Unlike 
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crude cobra venom it does not cause stoppage of tlie lieart, even m high doses 
m the toad, the rabbit or the giiinea-pig 

2 Neurotoxm lias no definite action on the blood pressure of rabbits The 
principle present in crude cobra venom vliich affects the blood pressure and causes 
cardiac failure is absent in neurotoxin 

3 Neurotoxm paralyses the respiratory movements and is the factor 
responsible for this effect of crude cobra venom 

4 In the perfused toad’s heart haimolysin produces augmentation and 
depression and irremovable irregularity and ventricular block without causing 
cardiac failure 

6 Hsemolysin in weak doses does not affect the circulation or the respira- 
tion but in heavy doses causes failure of both 

6 Choline esterase in high concentration slightly stimulate the perfused 
toad’s heart but has practically no action on the blood pressure or^ on 
respiration of rabbits 
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The Author (Iyengar, 1942a) has presented evidence for the presence of a 
trypsin-kinase in platelets capable of liberating trypsin from the trypsm-inhibitor 
compound existing in blood plasma It is well known that platelets contain 
thrombo-kmase which catalyses the formation of thrombm from prothrombin 
Ferguson (1939) has demonstrated similarity between tbiombo-kmase and trypsin 
m so far as the latter reacts with prothrombin to produce thrombin This 
sinulanty of thrombo-kmase and trvpsin is limited only to their catalysmg effect 
on blood coagulation Iyengar (19426) has extended this idea and adduced 
experimental evidence to the hypothesis that plasma trypsm possibly performs 
the function of the physiological thrombo-kmase 

The conconutant presence of trypsm-kmase and thrombo-kmase m platelets 
and the similarity of trypsm and the thrombo-kmase m certam respects led the 
author to investigate the possibility of thrombo-kmase actmg also as trypsm- 
lonase on plasma protems precipitated by acetone In order to study this, it is 
necessary to obtain another source which contains thrombo-kmase Russell’s 
nper venom, on accoimt of its powerful thrombo-plastic actl^^ty, is regarded as a 
good source of thrombo-kmase Although this venom contains trypsm also m 
small quantities, its tryptic activity is practically neghgible m high dilution (1 m 
10,000 or 1 m 20,000) m which it is used for demonstratmg its thrombo-plastic 
property If the thrombo-kmase m Russell's viper venom can be shown to hai e 
the property of hberatmg active trypsm from the trypsm-mhibitor compound 
present m plasma this can be considered as evidence for the probable sinulanty 
between thrombo-kmase and trypsm-kmase This trypsm-kmase should, however 
not be confused \nth the entero-kmase which activates mactive trypsmouen of 
the pancreas ° 
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The tr-\q3sin-mlubitor compound is obtained as usual by prccipitatmg plasma 
with 4 volumes of acetone By this process the whole of the plasma protems are 
precipitated and along with this, the trypsin-inhibitor compound which is also 
a protem comes down It is thus seen that this preparation contams a large 
quantity of protein, a small portion of which is the trypsin-inhibitor compound 
The tr}q)tic activity of this preparation is first determmed m the usual manner 
To a similar quantity of this preparation is added a solution of Russell’s viper 
venom (1 m 10,000) the whole being suspended in a phosphate bufier of pH 8 4 
and mcubated for a period of 18 hours The tiyptic activity of this mixture is 
also estimated (Table I) — 


Table I 

Tryptio aotmfcy of 

Increase m N P N , 

mg 

M 

1 g of the above preparation suspended m 20 o o of -jg phosphate buffer of 

t 

161 

pH 8 4 


1 g of the above preparation suspended m 20 c o of phosphate buffer of 

pH 8 4 to which is added 2 mg of Russell’s viper venom (This amount 
bnngs the concentration of the venom m the digest to 1 m 10,000 ) 

165 


By mcubatmg the Russell’s viper venom with the plasma trypsm-mhibitor 
compound preparation, no significant mcrease m the release of N P N is produced 
This result clearly demonstrates that the thrombo-kmase and the trypsin-kmase 
referred to by Schnutz and found by Iyengar to be present m platelets, are two 
mdependent entities 

The next question that arises is whether the trypsm-kmase foimd in the 
platelets and m fibrm is capable of activatmg trypsmogen from the pancreas and 
also whether the entero-kmase extracted from the intestmal mucosa can hberate 
trypsin from the trypsin-mhibitor compound present m plasma It has been 
shown by Kumtz and Northrop (1936-36) that trypsmogen undergoes auto- 
catalytic activation and this activation is further accelerated by the addition o 
trypsin It is, therefore, necessary to obtam the kinase free from trypsin m 
order to study the activating eSect on trypsmogen 

Preparation of kinase from blood — ^According to Schmitz (1936) fibrin clot 
contains both trypsin and the kinase The trypsin can first be eluted by extraction 
vnth acetic acid and the kinase can then be eluted from the fibrm by extraction 
with alkab By followmg this procedure the kmase extract, free from trypsin 
as far as possible, was prepared 

Preparation of kinasefree trypsin — Hog pancreas, immediately after kdhng 
the ammal, is ground in a meat-chopper and dried with acetone and ether 1 
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finally dried m air and powdered A glycerol extract of tins powder is used for 
the espemnents 

Preparation of eniero-Linase — ^The mucous membrane is scraped off, from 
the upper portion of the hog’s intestine It is shaken with 3 volumes of 
acetone and allowed to stand for 2 minutes It is filtered and washed with 
acetone, then witb a mixture of acetone and ether and finally with ether and 
dned m air and powdered An aqueous extract of this powder was used for 
the expenments 

The trypsm-mlubitor compound from plasma was obtamed by precipitation 
with acetone as reported in my previous commumcations on the subject 

Action of l,inasefrom blood on trypsinogen from pancreas — A 1 per cent casein 
solution IS prepared in phosphate buffer of pH 8 4 Twenty c c of this 
solution IS incubated with 5 c c of (1 m 10) glycerol extract of the kmase-free 
trypsm powder The volume is then made up to 35 c c by the addition of water 
(mixture 1) To another 20 c c of the casern solution are added 6 c c of glycerol 
extract and 10 c c of the kmase solution obtamed from blood fibnn In this 
case the volume is already 35 c c (mixture 2) Twenty c c of the casern 
solution IS taken m a third flask and mixed with 6 c c of glycerol extract and 
10 cc of an aqueous extract of entero-kmase (mixture 3) AH the three 
solutions are incubated for a period of 3 hours and the mcrease in non-protein 
nitrogen determmed m each m the usual manner (Table U) — 


Table n 


Mixture 

Increase m M , 

mg 

1 

(1) Casein + kinase ftee trypsin j 

26 

(2) Casern -p kinase &ee trypsm + kinase from fibnn 

29 

(3) Casern -p kinase free trypsm -p cntcro kinase 

73 


The kinase prepared from fibrin does not appear to activate kinase-free trypsin 
prepared from the pancreas 

Whether entero-kmase can hberate trypsm from the trypsm-inhibitor com- 
pound present m plasma, was next investigated In this case, there was no 
necessity to supply any substrate smce the trypsm-mhibitor compound prepared 
from plasma contains all the plasma proteins the autodigestion of which can be 
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The trN psin-inhibitor compound is obtained as usual by precipitating plasma 
mith 4 voluQies of acetone By tins process the ivliole of the plasma protems are 
precipitated and along mtli this, the trj’psm-inhibitor compound which is also 
a protein, comes doiin It is thus seen that this preparation contams a large 
quantity of protein, a small portion of which is the trypsm-inhibitor compound 
The tri’ptic activity of this preparation is first deterrmned m the usual manner 
To a similar quantity of this preparation is added a solution of Russell’s viper 
venom (1 m 10,000) the whole being suspended m a phosphate buffer of pH 84 
and incubated for a period of 18 hours The tryptic actmty of this mixture is 
also estimated (Table I) — 


Table I 


Tryptic activity of 

, Increase m N PJl , 
mg 

1 g of the above preparation suspended in 20 o c of phosphate buffer of 
pH 8 4 

1 

1 

161 

1 g of the above preparation suspended in 20 o o of phosphate buffer of 

pH 8 4 to which is added 2 mg of Russell’s viper venom (This amount 
brings the concentration of the venom in the digest to 1 in 10,000 ) 

i 

165 


By incubating the Russell’s viper venom with the plasma trypsm-mhibitor 
compound preparation, no significant increase in the release of N P N is produced 
This result clearly demonstrates that the thiombo-kinase and the trypsin-kmase 
referred to by Schmitz and found by Iyengar to be present in platelets, are two 
independent entities 

The next question that arises is whether the trypsm-lonase found m the 
platelets and in fibrm is capable of activatmg trypsmogen from the pancreas an 
also whether the entero-kmase extracted from the intestinal mucosa can hberate 
trypsin from the try psm-inhibitor compound present in plasma It has hoen 
shown by Kumtz and Northrop (1936-36) that trypsmogen undergoes auto 
catalytic activation and this activation is further accelerated by the addition o 
trypsin It is, therefore, necessary to obtam the kinase free from trypsm m 
order to study the activating effect on trypsmogen 

Preparation of 'kinase from blood — ^According to Schmitz (1936) fibrin clot 
contams both trypsm and the kinase The trypsin can first be eluted by extraction 
with acetic acid and the kinase can then be eluted from the fibrm by extraction 
mth alkab By following this procedure the kmase extract, free from trypsin 
as far as possible, was prepared 

Preparation of kinase-free trypsin — Hog pancreas, immediately after kilhng 
the animal, is ground m a meat-chopper and dried with acetone and ether 
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reported in this paper lend further experimental evidence in favour of the view 
put forward hy Kumtz and Northrop If the kinase prepared from blood fibrin 
can activate trypsinogen then the latter can be considered to be similar to the 
trypsin-inhibitor compound From the results m Table II, it is apparent that 
the trypsinogen is not activated by the kinase from blood It is therefore 
established that trypsinogen and trypsm-inhibitor compoimd are not identical 
Conversely, it may also be concluded from the results obtained that kmase present 
in blood IS different from the entero-kinase present in the duodenal mucosa 

It has been reported by Kumtz and Northrop that the addition of inhibitor 
to trypsinogen retards the activation of the latter by entero-kinase A large 
quantity of the inhibitor will completely prevent activation It is therefore clear 
that the inhibitor combines with trypsinogen and the resulting combmation does 
not lend itself to be acted upon by entero-kinase From these observations it 
can be inferred that the trypsmogen-inhibitor combination if complete, cannot 
be acted upon by entero-kmase I^ether the trypsm-inhibitor compound is acted 
upon by entero-kmase does not appear to have been previously studied Such 
a study has been made in this paper and the results are given m Table III It 
can be seen that trypsm has been freed from the compound by entero-kmase 
While entero-kmase can thus spbt the trypsm-mhibitor compoimd, it appears that 
it IS not capable of bberatmg trypsm from trypsmogen-inhibitor combmation It 
IB mterestmg to note that the linase from blood cannot perform the function of 
entero-kinase while entero-kmase has the property of sphttmg the tiypsm- 
inhibitor compound, exhibiting a behaviour m this particular respect similar to 
that of the action of kmase from blood It is hkely that entero-kmase is a 
mixture of kmase (from blood) and some other factor which is responsible 
for the activation of trypsinogen 

SimstAEY I 

1 The relationship between thrombo-kmase and trypsin-kmase present in 
blood has been mvestigated It has been found that thrombo-kmase and trypsin- 
kmase are two mdependent entities 

2 Blood-kmase does not activate trypsinogen from the pancreas and differs 
in this respect from entero-kmase 

3 Entero-kmase has been found to bberate active trypsm from the trypsm- 
inhibitor compound It is therefore suggested that entero-kmase may be a 
mixture of a kmase which is similar to the blood kmase and another factor 
which can activate trypsinogen 
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Previous attempts to transmit Indian kala-azar to man have given umformly 
negative results (Shortt, Craighead, Smith and Swaminath, 1928 , Shortt, 
Craighead, Smith and Swammath, 1929) and this failure left unforged a vital link 
m the cham of evidence incrimmatmg Phlebofomus argentipes as the natural vector 
of the disease 

It vras felt hy us that another attempt should be made to obtam this crucial 
evidence which would furnish the final scientific proof that Phlebotomus argentipes 
was the vector With this object m view it was decided to imtiate a new senes 
of experiments to mfect human volunteers with kala-azar through the bites of 
this insect 

The general techmque followed wa^that adopted by the Kala-azar Commission 
in previous attempts at human transmission but with one important change 
This change lav m the techmque of keepmg the flies ahve after the imtial infecting 
feed on a kala-azar case In previous evpenments such flies were given feeds of 
blood on man or experimental animals to keep them ahve until they were considered 
ready to feed on the human volunteer it was decided to mfect In the present 
series of experiments the flies, after the uutial infectmg feed on a kala-azar case, 
were kept ahve on frmt juice until ready to feed on the human volunteer The 
techmque followed was that described by Smith, Haider and Ahmed (1940), nho 
described successful transmission experiments with animals fed on by infected 
sandflies kept alue by this method until ready to infect (Smith, Haider and 
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Ahmed, 1941) The course of events in the case of each batch of laboratory-bred 
sandflies in the present investigation was as follows — 

The flies weie given an infecting feed on a case of kala-azar They were then 
kept m tulles in an incubator at 28°C and, on the third or fourth day, transferred 
to lamp-globes where they were given a supply of raisins on which to feed Here 
they were kept at the same temperature until the lapse ot a minimum of eight days 
from the time of the imtial blood meal The mortality among the flies is high so 
that by the eighth day only 25 to 30 per cent may be available for feeding on the 
human volunteer to be infected The most favourable simuval rate is seldom 
over 50 per cent The surviving flies of the batch were fed in a muslin cage on the 
volimteer, who was placed inside a net in an msect-proof room The volunteer 
spent only one mght in the laboratory and m the mormng was sent back to a non- 
enderaic area The volunteers used were healthy Khasi males who had undergone 
a complete climcal medical examination, including X-ray examination of the 
lungs and examination of the urine, stools and blood The Wassermann test 
and aldehyde test were negative Sjqihilis, any lung lesion albuminuna or 
general poor physique were considered sufficient reason for rejection In 
addition, none of them had ever left the non-endemic area of the Khasi hills 
The actual feeding was carried out at Gauhati, at the foot of the hills, where 
our laboratory was situated 

Five volunteers were utihzed and, at the time of \vntmg, three have liecome 
infected, the remaining two having not yet been examined* The details of the 
experiments are given in the Table 

The results shown m the Table leave no doubt as to the efficiency of Phlebotomus 
arqtnti'pes as a vector of the human disease m Assam but the question anses as to 
why transmission, so easily achieved m the present series of expenments, was not 
achieved in previous attempts We do not propose now to discuss this point m 
detail but merely make two suggestions which will afford material for further 
study The first of these suggestions is that in the present investigation 
there was the obvious difference in the method of keepmg alive the flies after 
the infecting feed Whether feeding them on frmt juice acts by increasing the 
virulence of the parasites or increases the heaviness of infections has yet to 
be investigated 

The second suggestion is one which has already been hinted at by Shortt, 
Smith, Swaminath and Knshnan (1931) who said, ‘ It is possible also, that the 
more rapid succession of passages of the parasites from man to fly and vice versa 
durmg an epidemic would enhance its virulence to a degree qmte out of proportion 
to that possessed by it during non-epidemic periods For this reason we beheve 
that part of our pre^uous lack of success in obtaimng transmission was due to the 
fact that transmission experiments on a large scale with Phkbotomus arg&>ittp^ 
and a really susceptible animal, such as the Chmese hamster or man, were orny 
undertaken when the recent kala-azar epidemic was already on the wane and the 
iTTulence of L donovani was already lessemng ’ 


* See ‘ Note ’ at end of paper — Ed 
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It IS a fact that the previous senes of expeniaents vuth man were commenced 
and earned on vrhen the kala-azar epidemic had passed its peak and was on the 
■down grade If past history of the penodicity of kala-azar m Assam is to repeat 
itself this IS the time when a new epidemic should be startmg and it is possible 
that one factor at least m the genesis of epidemics may be mcreased vmilence m 
the parasite "We do not wish to stress either of these pomts but put them forward 
for consideration and study 


SOMMAET 

Successful transmission of Indian kala-azar to man bv the bites of Phlebotomus 
•argenhpes has been achieved m three out of five attempts 

Acknowledgments 

In carrymg out this mvestigation we have to acknowledge the great assistance 
received from many coUahorators Dr K C Haider, who was responsible for 
the diagnosis of cases and whose previous experience of the f eedmg techmque was 
most useful , Dr S E Pandit, Director, Pasteur Institute and Medical Eesearch 
Institute, Shillong, who performed the examinations on the infected volunteers , 
and Jlr James John who was mdefatigable m survey work and the collection of 
-eases suitable for f eedmg of flies To Dr Gordon Eoberts of the "Welsh Alission 
Hospital we are greatly mdebted for his mvaluable help m obtaimng smtable 
volunteers Lastly, we must acknowledge the self-sacnficmg spirit of the human 
volunteers who submitted themselves for experimentation and helped m the 
final solution of a problem m tropical medicme of many years’ standing 


REFERENCES 


Shoeit, H, E , Ckaigheau, A. C , 
Smith, R 0 A , and Swamtsath, 
C S (1928) 

Ind Jour lied lies , 

16 , p 

263 

Idfm 

(1929) 

Ibid, 

17 , p 

921 

Shobtt, H E , Smith, R 0 A., 
SWAMDfATH, C S , and Keishxas, 
K-V (1931) 

Ibid , 

18 . p 

1373 

Smith, R 0 A,, Haidee, K and 

Ahmed, I (1940) 

Ibid, 

28, p 

575 

Idem 

(1941) 

Ibid , 

29, p 

799 


Note 

Smee the above paper was submitted for publication the two remaimng 
volunteers have developed kala-azar Transmission by the bite of infected 
sandflies has thus been accomphshed successfully m 100 per cent of cases 
<llth August, 1942) 
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EDITORIAL NOTE 

THE TRANSMISSION OF KALA-AZAR 

The rPcrudescence of kala-azar m sp\ ere epidemic form m Assam and certain * 
adjoining areas, and also in Calcutta city, during the vears from 1917 to 1929 
afiorded an opportumty for a fresh mvestigation on the epidemiology of the disease 
A phase of research was imtiated m 1921 which has lasted up to the present time 
and during most of that period u ork has been especially directed towards the studv 
of the sandfly as a possible vector of infection 

In 1921, an Inquiry on kala-azar was started at the Calcutta School of Tropical 
Medicine by L E Napier with the active collaboration of R Knowles Certam 
epidemiological obsen-ations were made regardmg kala-azar m Calcutta which 
these workers to beheve that a limi ted entomological survey of a certam part of 
Calcutta would be likely to mdicate the insect responsible for transmission, and 
mainly for this purpose R 0 A Smith jomed this Inqunrv m 1924 This Inquiry 
contmued on a varying scale up to 1938 with L E Napier and later R 0 A Smith 
m charge Phlebolomus argeviipes was found abundantly m this area and these 
workers selected this msect first for investigation for this reason and also because 
Its general distribution m India coincided with that of kala-azar 

In 1924 a special Kala-azar Commission which absorbed the already existing 
Kala-azar Inquiry of the Indian Research Fund Association under H E Shortt 
was constituted to carry out field and laboratory mvestigations m Asjam S R 
Christophers was appointed Director, with H E Shortt as protozoologist and 
P J Baixaud as entomologist The Commission was financed on a generous 
scale by the Indian Research Fund Association and was assisted by contributions 
from Local Governments concerned In 1925, H E Shortt took over the 
Directorship and at varymg periods A C Craighead, R 0 A Smith, and 
K V Knshnan jomed the Commission C S Swanunath was a techmeal assistant 
durmg the penoil of Investigation vn Assam 

The first marked ad^ance obtained was the findmg of the development of 
^ical heipetomonad forms m the fore-gnt and mid-gut of the laboratory-bred 
Phlebolomns argenttpes fed on parasite contammg blood of kala-azar patients, by 
the Inquiry m Calcutta Later this was confirmed by the v orkers m Assam 

A detailed account of the subsequent stages ot the mi estigations on this species 
as a lector of kala-azar is enLodied m the 1st and 2nd Reports of the Kala-azar 
ommission (Indian Medical Pesearch Memoirs, Nos 4 and 25) which cover the 
Transmission to experimental animals by the bite of infected 
' ebotomiis argcntipes had been obtamed m a few instances but attempts to 
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transmit in tins way to human volunteers Iiad not been successful Many efforts 
had been made to obtain this final proof and the reasons for failure were obscure 
The large-scale field w^ork of the Commission was abandoned in 1931 and the 
matter was left in this disappointing position although much epidemiological and 
experimental evidence which had been obtained left little doubt that PMebotomus 
argentipes was the vector 

On the closure of the Commission the Inquiry at the Calcutta School of Tropical 
Medicme was at first strengthened and later work was continued on a diminisliing 
scale and was eventually reduced to ti level which w ould only ensure such degree of 
continuity of experience as would provide a basis for renewed work in event of a 
t fresh opportumty ansmg 

In 1939, kala-azar had assumed epidemic propoitions in Bihar and EGA 
Smith was placed m charge of a new Inquiry in that Province The sandfly was 
agam studi^ and new methods of breeding, mnntaining and ieeAmg Phleboiomiis 
argentipes were developed, and with their use a much greater success than formerly 
was obtamed m the transmission of kala-azar to expeiimental animals, all hamsters 
used being infected Unfortunately, on account of war conditions, it was found 
necessary to close this Inquiry m 1941 Some of the technical stafiwere combined 
with those of a Protozoological Inquiry in the Madras Presidency which had also 
to be ter mm ated and a combmed team was formed which was posted to Assam to 
contmue kala-azar work under direction At this time kala-azar was recrudescing 


m that Province and conditions existed m which it w as possible to attempt agam 
the transrmssion experiments to human volunteers under smtable control The 
new techmque devised by Smith for obtaimng sandflies m a highly infective state 
was employed The successful result of this work has been reported m the 


preceding paper by Swaminath, Shortt and Anderson 

Twenty years of patient mvestigation have gone to the forgmg of this final 
hnk m the evidence that Phlebotomus argentipes is the msect vector of human tala- 
azar m India, and the many workers who have taken part m the investigations at 
different stages and have contributed to the final solution of the problem are to be 


congratulated on this outcome of their work 


— ^Editor, 

Indian Journal of Medical Research 
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COMPARATIVE STUDY OF HUMAN IMMUNIZATION 
WITH TWO AND THREE DOSES OF 
TETANUS TOXOID 


BY 

D C LAHTRI 


[Received for publication, August 26, 1942 ] 


Although tlie active immunization of the fighting forces against tetanus 
toxoid has been ividely practised since the outbreak of the ivar, the methods of 
immunization, as regards the number of doses and the mterval between them, still 
vary Ramon and ZoeUer (1927) onginally recommended a course of three mjec- 
tions of 1 c c , 2 c <3 and 2 c c , of tetanus toxoid at mtervals of two or preferably 
three weeks They also recommend a fourth dose of 2 c c a year later This 
dosage and the mtervals are adhered to m France The Umted States Army practice 
18 to m]ect three doses of 1 c c each subcutaneously at mtervals of three weeks, 
and a stimulatmg dose of 1 o c at the end of the year (Bam, 1941) The method 
practised in immunizmg Bntish Forces ‘ is to mject two doses of 1 c c deeply mto 
the subcutaneous tissues of the left arm at a time mterval of six weeks ’ (Marvell 
and Parish, 1940) The British practice is based on the work of Boyd (1938) He 
immunized 30 men with two doses of 1 c c at six weeks’ mterval and 4 men 
with three doses at about tliree weeks’ mtervals He concluded ‘ that moculation 
with two doses of tetanus toxoid, given at an mterval of six weeks or slightly over, 
has produced an antitoxm titre which is equal to that given by the three-dose 
method as advocated by Ramon and Zoeller (loo ci( ) and widely practised m 
France and elsewhere ’ The great disparity m the size of the two groups of 
men immunized makes the evaluation of the results obtamed difficult, and also 
because other workers prefer three-dose moculation a fresh study was undertaken 
and the results are recorded m this paper 


Mbthou 

A batch of toxoid which satisfied the antigemc requirements of both the British 
Therapeutic Substances Regulations and those laid down by the Umted States 
J. mb ( 481 ) 1 
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Human Immunizatim with Tetanus Toxoid 


Public Health Service, was selected for the expemnent A group of 46 
members of the Institute was divided at random mto two batches of 23 
each Those m group one were immunized with two doses of 1 cc each at 
six weeks’ mterval, and those m the other group were inimimized with three 
doses of 1 c c each of the same toxoid, at an interval of three weeks between 
each dose Samples of blood were collected from each of them four weeks 
after the last dose and the antitoxm content of their sera were determined at 
0 2, 0 6 and 2 0 International umt levels 


Result 

The results are given m the Table below — 

Table 


AntUoxw hire in men immunized, mill tetanus toxoid by tm 

different methods 


Method of imnninization 

Number of 
samples 

Antitoxic titro m International 
units per o c 

<0 2 

02 to 06 

06 to 20 

>2>0 

Two doses of 1 o o at six 
weeks’ interval 

23 

11 

7 

j 

2 

3 

Three doses of 1 o o at 
three weeks’ intervals 

23 

6 

1 

1 

10 

6 


Discussion 

In the three-dose group 16 men out of the total of 23 gave an antitoxm con- 
tent of 0 6 umt and over, while only 6 men gave similar values m the two-dose 
group of the same size "While only 3 men of the two-dose group gave as high a 
value as 2 umts and over, this figure was reached by 6 men m the three-dose group 
As the titration was not earned out at a level higher than 2 umts, it is, however, 
not possible to say what was the highest antitoxm content reached in the two 
groups The pomt to note, however, is that almost half the number of the 
two-dose group (11 men out of 23) gave an antitoxin content less than 0 2 unit, 
while only 6 of the three-dose group gave such a low figure These results 
show that three-dose moculation at three weeks’ mtervals gives rise to a higher 
antitoxm content than two-dose moculation at six weeks’ mterval 
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Conclusion 

The actl^ e immum 2 ation. of two groups of 23 men each with tetanus (formol) 
toxoid shows tliat three doses of 1 cc each mjected at mtervals of three weeks 
produced more antitoxin m man than two doses of 1 c c each mjected at an 
mterval of six weeks 
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POST KALA-AZAR INFECTION OF THE SKIN BY 
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[Received for publicateon, July 23, 1942 3 

The disease may be defined as leiskmamasiB of the skm due to infection -with 
Leishmama donovani in persons who have been cured of kala-azar after treatment 
or more rarely spontaneously or still more rarely m persons liNTiig in endemic areas 
of kala-azar but who do not give any defimte history of a previous attack of the 
disease Very rarely the disease has been observed in persons at a penod when 
they were still suSenng from mtemal leishmaniasis or not completely cured of it 
Further, except in extremely rare cases, the disease, so far observed, is non- 
ulcerating 

Some controversy has arisen about the name of the condition and vanous 
synonyms have been suggested The ongmal name ‘ dermal leishmanoid ’ adopted 
by the discoverer Brahmachan (1922) has been used by many writers Thus, 
Shortt has used the same name m all his wntings, and m the last Report of the 
Kala-azar Commission (Shortt, 1932), the same nomenclature has been used. In 
themdex to the Tropical Diseases Bulletin, the ongmal name was adopted for 
several years after its discovery 

Knowles (1928), m cnticizmg the vanous names adopted, wrote as follows, 
as Editor, Indian Medical Gazette ‘ The name (dermal leishmanoid) was not 
altogether satisfactory The suffix “ oid ” denotes “ resemblance to the thmg 
indicated by the preceding element of the compound ”, to quote from a well-known 
medical dictionary Syphiloid suggests a lesion resemblmg syphdis but not 
necessarily caused by Treponema pallidum Now, the most striking thmg about 
these lesions was them lack of resemblance to any previously described leishmama 
lesion, except possibly the lesions described by Thomson and Balfour (1909) for 
which they suggested the name " leishman nodffies ” On the other hand, working 
on the same analogy leishmanoid would have been a more suggestive name 

( 485 ) 



486 


Post Kala-azai ‘ Deunal Leishmnoid^ 


The whole senes of changes are due to a widespread infection of the skin hy 
leishnama , the lesions are mostly confined to the slm proper The term “ dermal 
leishmaniasis ” is, onerefore, descriptive But oriental sore is very frequently 
referred to as dermal leishmaniasis , so to avoid all nsk of confusion, it was 
necessary to quahfy further the condition under discussion Post kala-azar dermal 
leishmamasis is a clumsy name, but it defines the condition , the alternative name 
post-generalized dermal leishmaniasis is certainly worse ’ 

Brahmachari (1929) pointed out that the name jeishmamde suggested by the 
Editor, Indian Medical Gazette, was not free from objection for the following 
reasons a name ending in ide frequently gives an impression of an amide, such as 
tryparsamide, and confusion may arise in the mind of the reader as to whether 
leishmamde is the name of a specific for leishmamasis or the name of a cutaneous 
manifestation of infection with lezshnania He ivas, therefore, mclmed to 
think that on the whole ‘ dermal leishmanoid ’ was the most appropriate, d not the 
*■ most convement, for the disease He stated that the name had the sanction of 
usage, and most observers recognized the disease imder the name 

AVhat then should be the proper nomenclature of the disease t The term 
‘ dermal leishmanoid ’ has had the usage of tune AVhy then change it t One 
cannot agree ‘ oid ’ always denotes ‘ resemblance to the thing indicatmg the 
precedmg element of the compound ’ Thus, varioloid does not mean a disease 
resembbng variola It means variola modified by vaccmation or by a previous 
attack of smallpox So ‘ dermal leishmanoid ’ means infection with Le^shnuinia 
donovani modified by a previous attack of kala-azar cured after treatment or more 
rarely spontaneously But as varioloid means a re-infection, the two names are 
not quite comparable 

I agree with Knowles that the name post kala-azar dermal leishmamasis is a 
clumsy one 

Megaw (1922) suggested the name ‘ Brahmachari’s dermal leishmamasis ’ after 
the name of the discoverer Many diseases have been named after the discoverers, 
such as, Basedow’s disease. Osier’s disease, Oppenheim’s disease, etc I would 
suggest that the disease may be henceforth known as ‘ dermal leishmanoid or 
‘ Brahmachari’s disease ’ m analogy to other names such as, exophthalmic goitre 
(= Basedow’s disease or Graves’ disease) 

That a disease primarily a very fatal mternal malady should as a result of 
specific treatment be converted mto an affection of the skm harmless so far as the 
life of the affected mdmdual is concerned must be a umque phenomenon m 
immunology 

In kala-azar the parasites may be carried to the different parts of the body by 
cells belonging to the reticulo-endothehal system and also by other leucocytes 
Those among them which contain a large number of leishmama, viz the hyaline 
mononuclear leucocyi;es (Knowles, 1920), the clasmatocytes (Cash and Hu, 1927), 
the monocytes or histiocytes are probably leishmania-'pioteGtive and those that 
contam the least number are probably leishmania-destructiye Among the leish- 

/)in/i!«-contaiuing cells in dermal leishmanoid ’ are the dermal melanophores, the 
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large estravascular cells containing small nuclei and a large amount of cytoplasm, 
the cells constitutmg the ivalls of the neirly formed blood vessels m the granulation 
tissue, cells uith branchmg processes m the deeper layer of the dermis, the mono- 
cytes, the neutrophils and the giant cells Besides, some of the letshmanta are 
found m extravascular spaces Some of the above cells are undoubted leishmania- 
protective and help m the groirth of the letsJunama m the skm In ‘ dermal leish- 
manoid ’ the foUovrmg may be considered to happen (1) preponderance of leish- 
*aa?na-protectn e cells m the skin, (2) multipbcation and growth of the parasites 
inside them or of those that he m estra\ascular spaces "Wlien a sufficient number 
of leishmama hai e grown in the skm they give nse to the appearance of skm 
lesions constitutmg a defimte chmcal entitv (‘ dermal leishmanoid ’) 

Under ordinary normal conditions or m kala-azar before commencement of 
any specific treatment, these protective cells are present m small numbers m the 
skin and therefore m such cases there is no tendency on the part of the letsTimama 
to concentrate m the skm as long as no specific treatment is begun 

In the depigmentation of the skm m ‘ dermal leishmanoid ’ there are destruction 
of the pigment-carrymg cells of the epidermis and dmnnution of their pigment, 
spreadmg sometimes over extensive areas These areas of depigmentation may 
remhm for mdefimte penods without the presence of any nodules or papules In 
such cases of depigmentation frequently no leishmama can be seen m a smear 
preparation but they can sometimes be demonstrated by cultural methods 

One notable fact about ‘ dermal leishmanoid ’ is that the extent of lesion m 
the skm whether nodule or papule is not always proportional to the number of 
leishmama present m them 

It is a stnkmg phenomenon that while darkening or hyperpigmentation of 
the skm is characteristic of kala-azar as the name of the disease impbes, the reverse 
condition, i e depigmentation, is more frequently characteristic of ‘ dermal leish- 
manoid ’ Why there should be two opposite features m the skm m diseases due 
to the same parasite is difficult to explam An explanation is offered here In 
‘ dermal leishmanoid ’, the pigment cells are directly attacked by leishmama as has 
been found to be the case and the superficial layers of the skm are more or less 
destroyed and as a result of this the number of pigment cells dimmish and the 
pigment-carrymg property of the pigment cells is lost, due probably to the action 
of the metabobc products of leishmama inside them, while m kala-azar hyper- 
pigmentation may be mdicative of the action of the toxm of the leishmama 
upon the suprarenal glands as is mdicated by tachycardia, low blood pressure 
and pulsation of the veins m the neck Any hyperpigmentation or other signs of 
suprarenal insufficiency that might result from the action of the toxm of leish- 
mama upon the suprarenal glands m ‘ dermal leishmanoid ’ may be considered to 
be prevented either by bemg attenuated durmg treatment or by the antibodies 
present m a cured case of kala-azar , the general symptoms of kala-azar, such as 
fwer, wastmg, anserma, emaciation, etc , followed by high mortabty, are completely 
absent m ‘ dermal leishmanoid ’ even m cases m which the lesions m the skm are 
most extensive 



Explanation of Plate XII 

/ 

Section of skin in different stages of the disease 
Fig 1 PFotomicrograph. of a section showing perivascular round cell infiltration 
just below the epidermis 

,, 2 Photoiliicrograpb of a section showing extension of penvascular roimcl 

cell infiltration to surroundmg tissues 

„ 3 Photomicrograph of a section shovong thinning of epidermis before any 

nodule or papule formation 

,, 4 Photomicrograph of a section showmg extravascular leiclmama m tlie 

deeper layer of granulation tissue 

,, 5 Photomicrograph of a section showmg Ze^s7in^Gl?^fl-laden pigmeut-carrynig 

cells m superficial layer of dermis 

„ 6 Photomicrograph of a section showmg extravascular leislmania-\s-de)x 

cells 

, 7 Photomicrograph of a section showmg leisJmania mside cells vntli 

branching processes m the deeper layer of the dermis 

,, 8 Photomicrograph of a section showmg marked mvolvement of epidermis 

which IS very much thmned out 

„ 9 Photomicrograph of a section showmg leishmania-laden endothelial 

cells in the walls of capillaries 

„ 10 Photomicrograph of a section showmg oedema of the tissue just belov 
epidermis 

„ 11 Photomicrograph of a smear showmg leisJmania from a cut nodule 

,, 12 Drawmg from a section showmg irritative hypertrophy with epitliehal 
pearls ui a case of ulceratmg ‘ dermal leishmanoid ’ 

„ 13 Drawmg from a section showmg certam cells containmg leishmama from a 
smear of a cut nodule (Giemsa) Note a giant cell contaimng leishmanta 
There are some monocytes containmg leishmama 
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intramuscular treatment they 'would he easily and qmckly attacked by antimony 
and the chances of ‘ dermal leishmanoid ’ developmg m them m this way he reduced 
to a minimum 


The disease appears to he an infective granuloma mvohung the superficial 
areas of the dermis and the pigmentary layer of the epidermis At an early stage 
there is a perivascular infiltration of cells m the dermis ]ust below the epidermis 
As the disease progresses there is mcrease of this infiltration which extends mto 
the surroundmg parts of the skm 

In some cases the epidermis is attacked more than the dermis and as a result 
of this, thirmmg of the epidermis with depigmentation occurs before any papule or 
nodule formation takes place or at any rate before they are visible to the naked eye 
In this type of the disease extensive well-marked areas of the depigmentation are 
seen m the skm m the different parts of the body and such a condition may remam 
for mdefimte periods -without any papule or nodule formation 

In other cases papules appear m the skm either m the depigmented patchy or 
m areas which do not apparentlj'’ show any depigmentation On exammation of e 
papules ivitli a hand-lens the papillai of the skm may appear to be more promi- 
nent than normal but m most cases there is no true hypertrophy An apparen 
hypertrophy is really due to the tissued of the papillae bemg mvolved by an excessive 
amount of round cells attackmg the papillary layers of the dermis Sooner or 
later the epidermis begins to thin out but except m extremely rare cases some 
portion of the epidermis remams mtact which is contrary to what is found m 
oriental sore 


Some observers have stated that here and there m the large capdlOTes e 
endothelium is hypertrophied and the wall thickened and m some cases thOTe is a 
very marked thickenmg of the -r aU of the capiUanes almost leadmg to then oh era 
tion In view of the fact that ulceration is extremely rare in any part of the afiec 
portion of the skm, whether it is a depigmented patch or a papule or a no e, 
the cnculation m the skm cannot be so much diminished by the thickenmg o ^e 
blood vessels as to cause the death of the afiected tissues which might lead 
ulceration 


to 


Very rarely, however, the epithehal hnmg over the granulation tissue ■while 
thmnmg out at one part may ulcerate at another In such cases the papillary 
layer of the skin may be seen to throw out processes mto the granulation tissue 
underneath (irritative hypertrophy) The ulcerated area may be covered 'wi 
coagulated lymph i\uth some leucocytes entangled m it Remains of such apparent y 
h}’pertrophied papdlse may also be seen m the granulation tissue m the ulcerate 
area Here and there small epithehal pearls may be seen m some of them 

In some rare cases there is a hyperpigmentation of the skm, and there is a la^er 
amount of pigment m the pigment cells of the epidermis m the afiected part than 
m the surrounding parts 


III 

superficial 


certain cases, one of the earhest changes m the skm is congestion of the 
lal blood \ essels as shown by erythema Histologically, this is shown y 



Phanindra Xpth Brahmachari 


491 


the dilatation of the blood ^ easels m the superficial layer of the skin inth some 
amount of pern ascular infiltration of the dermis 

Some observers consider that enthema first manifests itself before any 
depigmentation occurs But this uon-m\ oh ement of the epidermis is rare and 
generally in practice one finds more or less an early my oly ement of the pigment 
layers of the epidermis and many patients come for treatment of the depigmented - 
patches -which, they state shoived themsehes before the appearance of the 
erythema 

ilore frequently there is secondary enirhema in the skm with papule formation 
In these there is depigmentation of the sLm mth th inn i n g of the layers of the 
epidermis oyer the erythematous areas and infiltration of round cells estendmg 
upwards towards the epidermis and downwards mto the dermis There is also the 
evidence of newly formed blood vessels below the epidermis Along -with this 
there is dilatation of blood vessels below the epidermis 

In the case of well-formed papules and of nodules, the foUowmg changes are 
noticeable m the structure of the skm Just below the epidermis, there is a layer 
of weU-marked round-ceUed infiltration the area of which vanes m thickness In 
the superficial layer of this granulation tissue just below the epidermis newly formed 
blood vessels are seen 

Along with this, feis/imuma-laden cells situated ilose under the epidermal layer 
begm to show themselves ilany of these kisAwuma-laden cells contam pigment 
granules others do not As the papules mcrease m size, pigment-carrymg cells 
containing leishmamn are seen m the superficial layers of the dermis These 
cells are probably dermal chiomatophores infected with letshinama 

The Jeishmama-luden pigment cells m the granulation tissue are frequently 
swollen and do not always appear to be m connection -with blood vessels In 
addition to these cells leishmma may be found mside extravascular cells which 
contam no pigment In other cases they are present mside endothehal cells m the 
walls of the capillaries 

In the deeper layer of the granulation tissue, leulniiania ma-\ be found inside 
extravascular cells In the deepest layer of the dermis where the granulation tissue 
IS mergmg mto the areolar tissue a few leishmama are seen mside cells with branchmg 
processes In some cases leishmama are found free m the granulation tissue of 
the affected part of the skm 

In those cases m which papules or nodules appear m depigmented patches the 
tissue changes are characterized bv more or less marked mvolvement of the epidermis 
which may sometimes be very extensive 

Generally speakmg, it niav be stated that there is some amount of mv olvement 
of the epidermis whenever there is presence of weU-maiked papule or nodule 
formation This is greatest m those places where there is presence of depigmentation 
of the skm along wuth papule or nodule formation and less marked m those cases 
where there is no depigmentation But even m those cases where there is no naked- 
eve appearance of depigmentation some amount of mvolvement of the epidermis 
IS frequently noticeable 
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In many cases there is oedema of the dermis ]ust below the epidermis and where 
there is well-marked round-celled infiltration the white elastic fibres are destroyed 
along with the normal connective tissue by the round-celled infiltration ’ 

Contrary to what occurs m other affections of the skm the han folhcles are not 
involved m the infective process, though m course of tune the round cell infiltration 
may extend to them as well as to the sweat glands 

The leisJiimma are best seen m smears from a cut papule or nodule 

It has been noted that the number of leishmama seen m a section of the 
skm IS not always proportionate to the extent of the lesion present Thus, the 
author noted that m a case a few scanty letshmama were present inside the papules 
in 1926, while similarly scanty leishmama were present m 1933 m well-marked 
nodules In other wor^, the amount of tissue changes is not proportional to the 
number of leishtm/ivia present 

Roughly spealang, it may be stated that the proportion of leishmama present 
in a lesion is m the foUowmg order — 

(1) Erythematous patch No L D bodies present 

(2) Depigmeuted patch None or very few present 

(3) Papules L D bodies present 

(4) Nodules L D bodies present 
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As long ago as 1782 the nse of gemunated pnlses as an anti-scorbutic for the 
BntiBh Navy tvas suggested by Young (Medical Research CouncO, 1932) It vras not 
hovrever, until the present century that Rurst (1912), irorkmg m Holst’s laboratory 
in Oslo, showed that cereals and pulses develop anti scorbutic properties after 
sprouting This was confirmed for pulses by Chick and Hume (1917) and Chick 
and Delf (1919), who recommended gemunated pulses as a source of vitamm C 
m army rations m the absence of fresh frmt and vegetables ‘Wiltshire (1918) 
succeeded m cunng several cases of_mfld scuivt by including gemunated hancot 
beans m the diet 

Chick and Delf (Joe cit ) and Wats and Evles (1932) made a quantitative study 
of the anta-scorbutic value of gemnnatmg seeds employing the biological method 
which, though it gives rehable results is time-consunung and mvolves the use of 
considerable numbers of experimental animals The chemical method ongmaU} 
de^nbed by TiUmanns Hirsch and Hirsch (1932) is now umversally used for 
estimatmg the vitamm C potency of foods The chenucal method, besides being 
qmck and accurate, gives results which are comparable with those obtamed by the 
biological method 

In China, various sprouted seeds have been tested for their vitamm C content 
by Chu and Read (1938) who employed the chemical method. The vitamm C 
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content of some Indian pulses and cereals on germination lias been determined by 
Gxiha and Ghosh (1931), Ahmad (1935), Kndra (1938) and Ahmad and Mutharma 
(1940) ^ ^ 

Germmated pulses are a common article of diet in certam parts of India, 
the pulse which is most commonly consumed in this state being Bengal gram 
{C^cer aneiinum) Sprouted Bengal gram is also used m child-welfare centres as 
an inerpensive source of ^ntamm C Sprouted pulses have been used in the 
prevention of scurvy in a famme area (Nicol, 1941 , Klian, 1942) In war time 
the study of available sources of vitamm C becomes of importance It was 
therefore felt that a re-investigation of the amount of ntamm C present 
m various common pulses, m relation to the period of soakmg and sprouting, 
etc , would be of mterest and value 


EXPERIMENTAIi 

Whole seeds were used for germihation The seeds were soaked for 12 honrs 
m tap-water and then spread between two layers of cloth, which was kept moist 
by sprinkling water now and then Unless otherwise stated, the soakmg and 
germination took place at Coonoor room temperature in the warm weather (2rC 
to 26°C ) and m diffused dayhght For the estimation of vitamm C, the 
2 6-dichlorophenol-mdophenol-titration method was employed Two to five 
grammes of the material were taken for each estimation and soaked m 10 c c of 
-8 per cent trichloracetic acid m order to minimize the oxidase activity They 
were then extracted by the method of Bessey and Kmg (1933) employmg 8 per 
cent trichloracetic acid Three extractions were found to remove almost all the 
vitamm C and the extracts were stable for 1 to 2 hours The extracts were 
titrated rapidly against a measured quantity (0 1 c c to 0 26 c c ) of the standard 
dye solution which was standardized agamst pure ascorbic acid In the case of 
each batch of germinated grams, the dry weight was determmed by drymg m the 
steam-oven and the vitamm C content expressed on the dry weight basis for 
facditatmg comparison of the results 

Vitamin C content of dry seeds — ^In order to follow the production of vitamin C 
on germmation, it was felt advisable to test the dry seeds It is usually taken for 
granted that dried pulses are devoid of vitamm C or contam only braces Most of 
the dry pulses, and the three cereals tested, gave low or neghgible values m terms 
of the chermcal test A few samples of Bengal gram purchased locally were, however, 
found to give figures rangmg from 8 mg /lOO g to 19 mg /lOO g This was 
somewhat surpnsmg and we felt that it might be due to some abnormality 
m the local samples Accordmgly, a senes of ordmary bazaar samples were 
obtamed from vanous parts of the country, 22 m aU bemg tested All samples 
gave values withm approximately the same range Dry green gram was also 
found to contam some vitamm C Low values were given by other grams m 
the dry state 

The results of the tests earned out on the dry grains are shown m Table I 
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Table I 


Vita^mn C content of dry seed^ 


Bul‘sp‘1 

Sample 

number 

1 

Obtaincil from 

Mg 

vitamm C, 
per cent 

Nitroprussidc 
reaction as 
Lovibond units 
per gramme 

Bengal gram (Cicer anetitium) 

1 

Goonoor marUel 

13 26- 

11 40 

tt 

2 

f 

1S3G 

11 40 

1 

It 

3 

tf 1 

842 

10 60 

II 

4 

If 

12 60 

9 90 

.. 

1 

6 

1 

” 1 

12 76 

6-00 

It 

6 

tf 

18 70 

480 

” ) 

7 

Coimbatore ' 

20 00 

10 80 

>> 

8 

Ratupet< Madras 

16 60 

12 00 

tf 

9 

tt 

7 90 


>> 

10 

ft 

, 1 

10 60 


” 

11 

! 1 

ft 

1 

680 

600 

*» 

12 

Bangalore 

10 00 


^ i 

i 

1 




13 

ft 

i 600 


ft 

14 1 

Madras City 

1 14 30 

7 20 

f f 

16 

tf 

i 10 00 


f» 

10 

tt 

j 12 50 


ft 

17 


j 6 70 

6 40 

. 

IS 

I 

lifthore 

14 00 

11 40 

. 

1<( 


11 20 


- 

20 

1 

1 13 40 

1 



' 21 

1 . 

10 90 

13 80 

. 

22 

1 .. 

^ 14 60 


Green gram {Phastolus radialus) 

1 

1 

' 8 67 


tf 

' 2 


i 9 95 

000 


! 3 

1 

j 

8-90 

COO 



1 

* 
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Table-I — conoid. 


PulHes 

Sample 

munber 

Obtained from 

Mg 

vitamm C, 
per cent 

Nitroprusaide 
reaction as 
Lovibond umts 
per gramme 

Field beans {Dolichos lahlab) 



1 20 


Peas {Pteum aahvum) 

1 


3 20 

18 00 


2 


5 80 

26 00 

Cow-pea {7%gna caitang) 

1 


204 


ff 

2 


153 

600 

fl 

3 


2 30 

9 60 

Soya bean (Olyane hisptda) 



1 10 

Trace 

Khesari {Lathyrus satwus) 


Central Provinces 

4 60 


Cereals 





Rice (Oryza sahva) 



Trace 

Ntl 

Jowar {Sorghum wlgare) 



a 

tt 

Wheat {Tnlxcum mdgare) 

1 




i> 

•N 


It was thought that the indophenol titre given by dry Bengal gram might he 
due to the presence of some other reducmg substances, e g cystme or glutathione 
On testmg with mtroprusside the various seeds gave a positive reaction A 
quantitative study' of the reaction was made by comparmg the red colour formed 
on the addition of sodium mtroprusside and ammoma m a Lovibond tmtometer 
and the mtensity of the colour was expressed as red Lovibond umts per gramme o 
the material It wiU be seen from Table I that the mtensity of the mtroprusside 
reaction did not run parallel with the concentration of vitamm C m the vanous dry 
seeds Peas, which gave the strongest mtroprusside reaction, gave a lower 
indophenol titre than any of the samples of Bengal gram Further, the mdopheno 
titrations were completed withm 10 to 15 seconds and substances other than vitamin 
C will not reduce the dye m so short a period (hlilhkan, 1936) Additional confi^ 
mation was obtamed by treatmg the extract with Nont, which converts ascorbic acid 
into its dehydro form (Fox and Levy, 1936), which does not reduce the dye The 
difference between the titre values before and after Nont treatment will indicate 
the amount of ascorbic acid present m the extract Experiments with Nont 
provided additional evidence that the dye-reducmg substance was m feet 
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\itamm C Fimllj tlic results of tlic themstnl tests on Bengal ^un wcjc 
confirmed by biological expermients, the details of mIikIi arc given m anotlier 
paper (Bhngiat and Bno, 1942) 

Synilicsis of vitamin C (hiring gominalion — In lliesc cxpenmcnls an attempt 
Mas made to adjust the conditions of gerniiiiation so that thei approximated to 
those comnionly adopted in Indian homes The seeds are nsualh soaked oi ernight 
and then spread on vet cloth In order to studs the effect of soakmg green gram 
was soaked for different penods and its vitamm C content deternuned The other 
pulses and cereals were tested for vitamin C after soaking for 12 hours The results 
are incorporated in Table IT — 


Table II 

The effect of soaLing on the vitamin C content of lanotis pulses and cereals 


{Vitamin C, mg per 100 g of dned material ) 


Period of 
soaking, 
hours 

Peas 

Green gmra ‘ 
(m in of 

4 samples) 

1 

BenoAL GEAi! 

1 

Con pea j 
(mean of ! 
3 samplcB) | 

1 

1 

Jovar 

(one 

eample) 

Wheat 

(one 

sample) 

Sample | 
1 I. 

1 

1 Sample 
- IL 

! 

Sample 

I 

Sample 

II 

J 

Dry 

32 

68 

90 

1 

1 13 2 

20 0 

1 63 ' 

Trace 

Trace 

1 ! 

1 


10 7 

\ 

1 

1 

1 




s 



14 4 




! 

1 

12 ■ 

I 

43 

67 

14 3 

16 3 

21 4 

2 30 

1 s 

1 8 

10 



14 8 


1 




24 


1 

, 10 2 

i 

1 - 

1 

22 7 

1 

i 

1 




Very httle vitamin C is formed on merely soaking the seeds in water from 
4 to 12 horns In the case of green gram some mcrease m vitaiiun C content was 
observed after 24 hours’ soakmg, which was due to the fact that germmation had 
started by the end of that period In all subsequent expenments the seeds were 
soaked in water for 12 hours prior to germmation This conforms with the common 
domestic practice of soaking the seeds overnight 

^evt the synthesis of ^ntanlm C durmg gerimnation was studied In the 
case of Bengal gram, cow-pea and green gram, experiments were conducted at 
two different temperatures The results of vanoiis expenments are presented 
lu Table III — 

J, MR 


2 


Vitamin C content of germinating giain^ 


498 


Y 



R, T =» Rnom tcmporaturo in "the "warm weather, i o about 21°C to 25®C 
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The following facts arc e\iclent from Table III Pulses aud cereals rapidly 
b}Tithesizc vitamin C immediately after the initiation of germmation In the case 
of Bengal gram, green gram, cow-pea and wheat, the maximum amount of vitamin 
C was synthesized withm 48 hours, after which it remamed constant for 4 days 
The germination was discontmued after 4 days, as m practice pulses are germin- 
ated only for 24 to 48 hours before they are consumed Germmated pulses are a 
better source of vitamin C than germmated cereals Of the pulses studied green 
gram synthesized the largest amount for vitamm C and soya bean the smallest 
The vitamm C content for green gram mcreased 7 to 8 times on germmation 
[<^ Guha and Ghosh, foe cit ), while with cow-pea the increase was 20 to 25 times 
At the higher temperature, germmation, as judged bv the length of the sprout, 
took place more rapidly than at the lower temperature, but the amount of 
ntamm C synthesized was greater at the lower temperature This is m 
agreement with the findings of Vrrtanen and Eerola (1936) The samples 
sprouted at 37°C were kept in the meubator, and it was felt possible that the 
lower values given by these might have been due to the exclusion of bght 
Experiments to control this pomt, in which samples were kept inth equal 
exposure to bght outside and inside the meubator (the latter with its wooden 
door open so that light penetrated through the glass door), showed that the 
difference m bght was not responsible for the result 

The figures shown m Table HI represent results obtained with typical samples 
-4ctually the amount of vita mm C present after 24 hours’ gerrmnation m 
different samples of the same pulse showed considerable variation Thus, ivith 
Bengal gram, a vanation of 19 mg /lOO g to 27 mg /lOO g , with green gram, 
39 mg /lOO g to 63 mg /lOO g , and ivith cow-pea, 36 mg /lOO g to 40 mg /lOO g 
was observed With all samples, however, the trend was the same for each 
indmdual kmd of pulse 

It was felt to be of mterest to see how much of the vitamm is present m its 
dehydro form, which, though biologically active, does not react with the dye 
Trichloracetic acid extracts of Bengal gram, green gram and cow-pea were subjected 
to HoS treatment H 2 S v as removed by a current of COo, and the vitamm C was 
titrated against the dye The amount of vitamm C found was the same before 
and after HjS treatment, mdicatmg the absence of the dehydro form m germmatmg 
pulses Thus, the findings of Lee and Read (1936) and Rudra (foe cit ) that 
ascorbic acid m germmated grains is mostly present m the form of the reversibly 
oxidized dehydro ascorbic acid have not been substantiated Hams and OUner 
(1942) state that ‘ the quantity of dehydro ascorbic acid normaUy found m fruits 
and vegetables is so small as to be of httle or no practical significance ’ 

Dislnbution of vitaimn C in germinating pulses — ^4htamm C is rapidly formed 
in all sprouting se^ (Sherman and Smith, 1931 , Pfahkusch, 1934) and it is probably 
present m high concentration m rapidly gron mg stems, root tips, green leaves, seeds 
and pods Glick (1936 , 1937), employing the micro-Linderstrom-Lang techmque, 
made a detailed study of the distribution of vitamm C m various parts of the 
germmatmg barley grain He found an mcrease m the concentration of vitamm C m 
(hose parts of the seed where chlorophyll was present and photosynthesis was active 
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Lee (1936) and Lee and Read {loc cil ) found that tlie sprouts from gernuuated 
peas and soya beans showed a fairly high concentration of the vitamin The 
distribution of the vitaiinn in common Indian pulses dunng germmation has not 
been studied In the A]mer famine of 1940, in which gerrmnated Bengal gram 
was distributed on a wide scale, it was observed that the people often picked ofi the 
shoot and threw it away before eating the pulse (Aykroyd, private commumcation) 
It was not known at that time how much vitamin C was being lost in this wav 
Accordingly, the distnbution of vitamm C in the cotyledon and sprout was studied 
The seeds were gerrmnated for difierent lengths of time, the cotyledons separated 
from the sprouts and their vitamin C content estimated The results of experi- 
ments on smgle samples of each pulse are shown in Table LV Other samples, 
tested at varymg periods after germination, gave snmlar results — 


Table IV 

Disfnbitt'ion of v^tannn G in germinahnq seeds 


(Percentage of vitarmn present in entire germinating gram ) 


IV nod of 
germmntion, 
hours 

Bengal 

gram 

Green 

gram 

Cou 

1 

pea 

Field 

benns 

{ Wheat 

c 

S 

c 

S 

C 

s 

C 

s 

C 

S 

24 

80 6 

19 4 

G3 2 

30 S 

71 4 

28 7 

08 8 

j 

31 2 * 



4S 

G1 7 

3b 3 

57 1 

42 9 

40 3 

50 7 

62 G 

47 4 



72 

62 G 

47 3 

60 0 

60 0 

50 0 

50 0 

43 1 

6G 9 



9G 

44 0 

66 0 

43 2 

50 8 ! 


i 



27 6 

72 6 

120 



!1 (1 

GS4 




1 

1 




C = Cotyledon S = Spront 


The mtainin is apparently formed in the cotyledon and is then transferred to 
the rapidly growing sprout, where the amount present goes on mcreasmg as gernuna- 
tion progresses Thus, a considerable amount of the vitamin C is lost if the sprouts 
are thrown away 

Effect of enolanq and drying on the mkiinin C content of germinutwg fidses 

""ork has been carried out on the effect of cookmg, cannmg and dr}ung 
o different vegetables and fruits on their vitarmn C content, but germinated pulses 
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Lave not received much attention In India germinated pulses form a common 
constituent of the diet The\ are sometimes consnmed raw, but they are also 
commonly taken in the cooked state k study of the effect of cookmg is therefore 
of practical mterest The various pulses were germinated for 24 hours and then 
cooked in water for different periods, the conditions of cooking etc bemg kept 
constant m all the evpenments Vitamin C was determmed titnmetncaUy and the 
percentase loss was calculated from the amount of the vitarmn remaimng both in 
the cooked material and the cooking water (Table V) — 

Tabuf V 

Effed of cookmq on llip vilaimn C conlenl of qenninnted pulses 


(Percentage loss of Mtamin f ) 


; 

Penod of , 
cooking, 
nimnte^ | 

Brsori, crim 
(1 SAJtPLE) 

Gm n gram 
(mean of 

2 (Mimples) 

Cow pen 
(mean of 

3 aamplcs) 

1 

Field beans 
(1 sample) 

Gerrainntod 

1 

1 Dr\ 

i 

i 

1 

•» 

1 


10 

1 

1 

30 3 

32 0 

25 2 

20 

i ' 

30 0 

42 7 

4DS 

28 0 

•to 

i 52 1 

' 1 

41 0 

500 

75 5 

SI 9 

GO 

1 1 

1 Go’S 1 

1 1 

53 0 

52 8 j 

87 7 

87 1 

! 


Gerimnated pulses, like most vegetables and fruits show a considerable loss 
of vitamm C on cookmg Bengal gram and green gram lost less \ itamin 0 on 
cooking than cow-pea and field beans The sample of dry Bengal gram lost less 
vitamm than the germinated sample All the pulses were fully cooked m about 
20 to 40 mmutes Thus m order to mmimize loss of vitamm G it is advisable 
not to prolong cookmg beyond half an 'hour Cooking the germinated pulses 
m a shghtlv acid medium might help to reduce the loss The maximum anti- 
scorbutic effect will of course be obtamed if sprouted pulses are taken raw 

N’est the effect of drymg on vitaimn C content was mvestigated Dned 
vegetables are now bemg used for mihtary purposes and if germinated pulses 
could be dned and stored without senons loss of vitamm C they might be of 
practical value as an anti-scorbutic The two common pulses, Bengal gram and 
sreen gram, were used for these experiments One sample of each was soaked m 
vrater for 24 hours dned on a hot plate m a current of air for 40 to 60 minutes, and 
then preserved m tms at 37°C Various methods of drymg were tned, and the 
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hot-plate method "was resorted to as it brings about quick drying of the matenal 
Other samples were germinated for 24 hours prior to drjung The effect of 
blanching the pulses before they were dried, ivas tried m view of the findings 
of Beckley and Noltey (1941) that blanchmg is necessary m order to ensure 
rmmrmim loss of vitamin C m potato and cauhflower durmg dehydration 
Eesults are summarized m Table VI The values obtained for samples of 
dehydrated germmated pulses prepared by a firm now engaged m the manufacture 
of dehydrated vegetables are also mcluded — 

Table VI 


The effect of drying on the stability of mtamin C in germinated pulses 


Pulses 

Treatment prior to drying 

Kept at 
for 

Mg 

Vitamin C, 
per cent 

Percentage 
loss of 
vitaimn C 




Days 







14 8 

20 0 




7 

86 

67 6 

Green gram 

Soaked for 24 hours 


16 

07 

06 6 



1 

1 

30 

28 

86 0 





32 9 

62 4 




10 

10 1 

70 7 

Green gram 

Germmated for 24 hours 

! 

17 

10 7 

84 6 




32 

60 

021 




! 

61 3 

18 7 

Green gram 

Germmated for 24 hours and 


8 

246 

012 

blanched for 3 mmutes»- 


20 

14 0 

79 4 




62 

94 

86 0 



’ 


10 0 

260 

Bengal gram 

Soaked for 24 hours 




74 0 



43 

6 6 

Bengal gram 

Soaked for 2-1 hours a n d 

f 

1 


10 0 

26 0 

blanched for 3 nunutes 

1 

5 0 

74 0 
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Table VI — concld 


Pulses 

Treatment prior to drying 

1 

Kept at 37®C 

1 

1 

11? 

vitamm C, 
per cent 

Percentage 
loss of 
vitamm C 



1 

1 Days 





] 

17 4 

112 , 


i 

8 i 

10 9 

444 

Bengal gram 

Germmated for 24 hours 


, 1 






1 23 

1 

7 4 

j 62 2 

1 



j 62 

34v 

83 0 




i 

20 0 

Ntl 

Bengal gram 

Not soaked or germmated 







i 

00 

20 0 

ff 

SampJu mipplied hy 

a commercial firm — 




Hotbo gram ' 

Qenmnated 


Trace 


CW pea ! 

rt j 

1 

19 


Qieen gram 

»» 


63 

i 

Bengal gram 

tt 


67 



The pulses lost from 11 to 26 per cent of the vitamm C onginally present on 
drying Further, they showed a progressive loss of the vitanun when the dried 
samples were kept at 37°C ‘ Blanching ’ pnor to drying did not seem to nnnxmize 

the loss of Yitamin C A higher percentage of vitamin C m qirouted Bengal gram 
survived drying than was the case with sprouted green gram Dry samples of 
ordinary Bengal gram as obtamed from the market did not show any loss of 
vitamm C even on storage at Z'I°C for months — a findmg of practical interest 
Soakmg of the sample m water, however, altered the stnlnlity of vitamm C 
m the gram and faurlj rapid loss took place on storage Tlie mechamsm in dry 
Bengal gram which protects the vitamm from destruction is a matter for further 
investigation _ 

These mvestigations showed that the use of dried germmated pulses as an 
anti-scorbutic cannot be recommended , the loss of mtamm C on storage is too rapid 
The ease with which ordmarj dry pulses can be germmated renders their previous 
germmation and drying imnecessary 

Sprouted green gram gaie higher vitanun C values than other pulses after 
germination and should be given preference when sprouted pulses are bemg used 
for anti-scorbutic purposes In the ran state 2 02 to 3 oz m terms of the dry pulse 
(I 02 to 6 07 of the sprouted seeds) would supply about 25 rag of \ntaimn C 
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Cooking for 20 to 40 minutes would reduce vitanim C content l)y approxunately 
half, but even this amount of the vitamin would be a valuable addition to a diet 
deficient in fresh fruits and vegetables 

SUMMABY 

1 A study has been made of the effect of germmation, cookmg and drying 
on the vitamm C content of certam pulses and cereals 

2 In the dry state, most of the grains contained small or negligible amounts 
of vitamm C Bengal gram, however, was found to contain from 6 mg to 20 mg , 
and green gram 8 mg to 10 mg per cent 

3 Soakmg had httle effect on vitamm C content 

4 Vitamm C is rapidly formed when germmation begins The concentratioii 
reaches its maximum m 30 to 48 hours, after which it remams constant for 3 to 4 
days Green gram gave the highest vitamin C titre after gernunation 

5 Vitamm C is found both m the cotyledon and the sprout, the percentage 
present m the latter mcreasmg, and that present m the former decreasing, es 
germmation proceeds 

6 Considerable loss of vitamm C takes place when germmated pidses are 
cooked The drying of germmated pulses also leads to loss, and the vitamm 0 
which remams after drymg is not stable on storage 
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VITABIIN C CONTENT OF DRY BENGAL GRAj\I 
{GICER ARIETINUM) 


BY 

KAMALA BHAGVAT, 


AND 

K K P NARASIXGA RAO<= 

{Nvlrilton Research Laboralories, I R F A , Coonoor, S India ) 


[Reoei\ed for pnblicntion, September 20, 1942] 


Ix the previous paper (Bhag^^at and Eao, 1942) it wds sboivn that various 
samples of dry imsprouted Bengal gram obtamed from different parts of India 
contamed sigmficant amounts of vitamm C, as determmed by the chemical method 
of Tdlmanns, Hirsch and Hirsch (1932) The vahdity of this observation ivas 
confirmed bv various chemical procedures Smee, however, it conflicted with 
the findmgs of earlier workers it w'as thought advisable to carry out biological 
tests, which pronde a final court of appeal Wats and White (1931) reported 
that the inclusion of Bengal gram m a basal diet at a 30 per cent level afforded 
gmnea-pigs no protection from scurvy 

Young guinea-pigs w eighmg from 250 g to 350 g were used as experimental 
nmmals Tliey w ere kept on a stock diet rich m vitamin C for n w eek and then put 
on the expenniental diets 

Two different samples of Bengal gram were tested, usmg two batches of 
'mimals The first (sample A), obtained from the local bazaar ga^ e a vitamm C 
ti^tion value of 12 75 mg /lOO g , and the second (sample B) obtained from 
the Go^e^nment ALgricultural College, Coimbatore (strain 445), gaie a \alue of 
20 00 ing /]fin g The test samples were coarsely powdered daih , in order to avoid 
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any loss of vitamin C which might occur in powdered samples on keeping The 
composition of the different diets was ns follows — 


Diets 

Basal diet, 
parts 

E\pcrimontal 
diet I 

(Bengal gram 
sample A), 
parts 

Experimental 
diet n 
(Bengal gram 
sample B), 
parts 

1 

CruBhcd oats 

31 0 

14 0 

20 0 

Atta 

31 0 

14 0 

20 0 

‘ Skimmed milk powder 

30 0 

14 0 

20 0 

Gmgelly oil 

60 

60 

60 

Shark liver oil 

1 0 

1 0 

1 0 

NaCl 

1 0 

1 0 

1 0 

Yeast 

10 

1 0 

1 0 

Beugal gram 


60 0 

32 0 


100 0 

100 0 

100 0 


The diets were moistened with water and given m the form of balls T e 
food residue left over was weighed and the amount of vitamin C obtamed by tne 
ammals on erpenmental diets I and 11 calculated The animals under experimen 
were grouped as follows — 

Group I 5 ammals as negative controls, i e receiving the basal diet 
only 

Group II 4 animals as positive controls, i e receiving the basal diet 
pZus 5 mg of pure ascorbic acid daily 
Group III G animals on experimental diet I 

Group IV 5 ammals on experimental diet II 



Weight m grammes Weight m grammes 
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The animals were weighed weekly The growth of the animals m the different 
groups IS shown diagrammatically in Graph I — 

Graph 1 

Weight curies of gutnea-pigs receiving diets supplemented by ascorbic 
acid and Bengal gram respectively 

Geoot I Gboto n 


I^tgalivt controls Basol diet plus vitamin 0 



Gboup III Gboot IV 


Basal diet plus Bengal gram Basal diet plus Bengal gram 



All the negative controls died within 21 to 28 days and post-mortem 
examination revealed typical signs of scurin All the positne controls ns well ns 
lie amiiinls m groups III and IV showed steady increase in v eight, therehj con- 
irming the chenucal findings that the dry samples of Bengal gram contained 
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significant amounts of vitamin C Tlie amount of vitamin G received daily by 
the ammals in groups III and IV varied from 1 5 mg at the beginning of the 
experiment to 4 6 mg at its close 

The gmnea-pigs receiving Bengal gram as a source of vita min C showed better 
growth than the ammals in group II receivmg 5 mg of vitamin C per day m the 
form of pure ascorbic acid, wbicli was more than that supplied by the diets 
contaimng tbe Bengal gram The amounts of vitamin C ingested were adequate for 
maintenance and gro-wth in both cases The extra growth of the ammals receiving 
Bengal gram was presumably due to the fact that the gram supphed other factors 
requuqd by the gmnea-pigs AVooley (1942) recently showed that giunea-pigs 
require apart from vitamin C, three or more dietary factors besides those which are 
sufficient for the groivth of sjiecies such as rats and mice Euler and Klussmann 
(1932, 1933, ]933«) found that the titration value of geriiiinated peas v as lower 
than then anti-scorbiitic value as tested biologically on gumea-jiigs and this they 
attributed to the combination of ascorbic acid with ‘ Hemmungstoffe ’ which 
inhibits its reducing properties, but from which it is liberated by hydrolysis in the 
digestive tract of animals Giilia and Ghosh (]93'3)have made a similar ohservatioii 
in the case of germinated gieen gram Tlic bettei gro-wth given by the diets 
contaimng the pulse is not due to the presence of dehydro ascorbic acid, which 
possesses anti-scorbutic activity Bengal gram, gieen gram and co-y-pea do not 
appear to contain dehydro ascorbic acid (Bliagvat and Eao, he cit ) 

The more rapid mcrease in w'eight produced by the diets contaimng Bengal 
gram was felt to be a matter of mterest and some further experiments to throw 
light on the problem were carried out These gave further evidence that the 
growth-enliancing effect was not due to vitamin C 

Experimental groups were as follows — 

Group A 4 ammals receiving the basal diet plus pure vitamin C 
GrouP' B 4 ammals receiving Bengal gram diet (60 per cent level) 

Group C 4 ammals recei-ving a diet similar to diet II, the Bengal gram 

bemg treated so as to destroy vitamin C almost completely 
Pure vitamin C was added to this diet 
Group D 4 animals recei-vmg the same as group C except that untreated 
cow-pea replaced Bengal gram 

In addition there were two negatn e controls receiving the basal diet only and 
two negative controls receiving respectively T;he same as groups C and D wthoiit 
the addition of ]nire -sutamin C 

The sample of Bengal gram used contained 18 7 mg /lOO g of vitamin C m 
terms of the chenucal test The sample of cow-pea contained only a trace of the 
\atamin In order to destroy vitanun C m Bengal gram,' the powdered pulse was 
moistened with N/10 alkali and kept at room temperature for 2 hours This 
brought about irreversible oxidization of about 90 per cent of the vitamin present 
The alkali was then neutralized by dilute HCl Tlie amount of NaCl added to 
the diet was adjusted after making allo-w'ance for that formed bv the interaction of 
acid and alkali 
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'Wciglied amounts of food \\ere gi^cn dailv and the quantity of vitamin 
C ingested daily by group II i\as calculated after v eighing the food residue The 
animals in groups A, C and D recen ed this amount of \ itaniin C in the pure form 
The protein content of the diets ivas as follows — 

Groups Per cent 

A 19 3 

B and C 17 3 

D . 20 0 

The weight curves of the different groups are shown m Graph 2 The two 
anunals receiving the basal diet only succumbed to scurvy in 3 to 4 weeks* them 


Graph 2 


Wnghl curies of gmuca-figs remwuq different diets 



weight curves are mcluded in Graph 1 Those recen mg diets C and D without 
C also died of scurvy, but the disease appeared more slov ly and in less 
acute form, presumabh oxnng to the fact that the diets contained traces of 
the vitamin 


olO Vitamin G Content of Dnj Benijal Gram 

The growth rate ou (ho diets containing treated and untreated Bengal gram 
respectively was the same and more rapid than (hat produced by the basal diet 
jilus vitamin C This provides further evidence that the pulse contains a growth- 
promoting factoi for guinea-pigs other than the a nti-scorbutic vitamin Similarly, 
the diet containing cow-pea produced lietter growth than the diet of group A, 
although the former contained approximately the same amount of vitamin C, the 
cow-pea supplying only additional traces of the vitarmn 

The results suggest that pulses contam an alkali-stable growth-promoting 
factor for gumea-pigs The nature of this factor is a question for further mvesti- 
gation Bengal gram, cow-pea and other pulses, when treated with dilute alkali, 
give on warming an intense orange colour, which might be due to the presence 
of flavone or flavanone pigments Rusznyak and Szent-Gyorgyi (1936) and 
Bentsath, Eusznyak and Szen(>-Gyorgyi (1936) claimed that citrin, which is a 
mixture of hesperidme and eriodectyol glucoside, and belongs to the flavanone 
group, and is found in lemon jiuce and red pepper, increased capillary resistance 
in guinea-pig receiving a scurvy-producing diet The effect of citan on the 
growth of guinea-pigs is not clear 


Discussion 

The biological experiments reported prove that samples of dry unsprouted 
Bengal gram contain signiflcant amounts of vitamin C, sufficient to promote good 
growth in gumea-pigs when the pulse was mcluded in the diet at 32 and 50 per cent 
levels respectively Bengal gram appears to be somewhat exceptional among 
pulses in this respect, although green gram also gave a small titre in the unsprouted 
state Fresh tender peas contain fairly large amounts of the vitanun but as they 
approach maturity their vitamin content diminishes until it approaches zero 
(Mack, Tressler and Kmg, 1936) It would be of interest to mvestigate the 
vitamin C content of Bengal gram from the immature to mature stage, and to 
study the relation between the season of harvestmg and the amoimt of vitamin 
formed 

It IS knowm that the diet consumed by the masses m India is deficient m many 
respects, which is shown by the prevalence of various food deficiency diseases Yet 
scurvy appears to be an uncommon deficiency disease, in spite of the fact that the 
diet of poor Indians is usually lacking in fresh fmits and vegetables Severe scurvy 
has been observed m a fanune area (Nicol, 1941 , Khan, 1942) but otherwise cases 
or outbreaks of scurvy do not appear to have been reported withm recent years It 
may be that one of the reasons for the rarity of severe scurvy is the fact that dry 
Bengal gram contains some vitamin C, as reported m this paper This pulse is 
consumed in various forms m most parts of the country throughout the year Even 
when taken in relatively small quantities it might supply enough vitamin C to raise 
the \utamm C content of diets just above the danger point, i e it might help to 
satisfy miniimtm requirements for the prevention of outspoken climcal scurv^y^ 
Little information is available about the incidence of verv mild ‘ sub-chnica] 
scurvy in India ' 
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Summary 

1 Dry samples of Bengal gram were found to contain sigmficaut amounts of 
vitamin C which m err sufficient to promote good growth m gumea-pigs when fed 
at 32 and 50 per cent levels of intake respectu eh This observation may have a 
bennng on the apparently low incidence of severe scurvy in India 

2 Evidence has been brought forward to show the presence m pulses of an 
alkali-stable growth-promoting factor for gumea-pigs 
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VITAjnN C CONTENT OF TENDER WALNUT 
(JUGLANS BEGIA) 


BY 

^ S RANGANATHAN 

{NutntJoii Research Laboratories, I R F A , Coonoor, S India ) 


[Received for publication, September 26, 1942 ] 


The Forestry Abstracts of 1941 (vol 2, p 236) contain an abstract of an 
article by Pechrakova (1940) m 'which reference was made to mvestigations 
earned out by a Russian worker, Gergelezhiu, on the vitanmi C 
content of tender walnut The abstract stated that ‘ the nuts of Juglans 
regia accumulate vitamm C during the first 20 days of their development 
until the Yitanun G content of the kernel reaches 3 06 per cent ’ or 30 36 
milhgrams per gramme This is a remarkably high figure, considerably m 
excess of any values so far reported in the literature for any fruit or vege- 
table It was felt that it would be of value to confirm it, and to mvestigate 
the possibihty of using tender walnuts as a source of vitamm C for practical 
purposes 


Ten pounds of immature walnuts were obtained through the courtesy of the 
Forest Department, Kashmir These were of the size and shape of a small lemon 
OTth an average weight of 18 grammes The frmt at this stage of matunty may 
be desenbed as follows there is the skm, which is thick and green m colour , 
beneath the skm there is the whitish pulp, and in the centre of the fruit a thm sac 
of irregular shape contammg a brownish fluid As the frmt matures, the pulp 
^rdens mto the characteristic woody Shell and the fluid m the sac is gradually 
transformed mto the nut 


A itarmn C was determmed by the chemical method usmg the mdophenol dye 
ests for mterfermg substances showed that these were present m amounts sufficient 
o raise the mdophenol titre by 4 to 6 per cent Values have been corrected 
accordmgly 
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The vitamin C content of ■whole immature fruits ■was found to be on the average 
14 7 mg /g The distribution of the vitamin in tlie component parts of a typical 
immature fruit ■was as follows — 


Distribution of vitamin C in the immature walnut 


1 

1 

■Weight, 

g 

1 

1 

Weight 
expressed as 
percentage 
of fruit 

1 

Asooebio acid 

Total, 
mg 1 

• 

Percentage 
of the total 
amount 
present 

Expressed 
as mg /g 

■Whole fruit 

18 2 


1 

288 2 

! 

14 7 

Skin 

68 

1 

' 31 8 

1 

03 4 

23 C 

' 1 

10 9 

Pulp 

, 88 

48 4 

204 8 

1 

i 76 4 

23 3 

Immature nut 

1 3 6 

19 8 

Nil 

' Nxl 

) 

I mi 


The pulp contains most of the ■vitanun C present m the whole fnut, while the 
immature nut is devoid of the ■vitamin 

These observations confirmed those of the Russian worker as regards the 
high ■vitamm C content of tender walnut, although the values obtamed were lower 
than those reported by him Experiments were undertaken to discover whether 
a dried or dehydrated powdered product, rich m anti-scorbutic actmty, could be 
prepared from the immature fruit The methods employed m dehydration and 
the vitamm C content of the dehydrated products were as follows — 


Dehydration method 

Tune taken 
for 

dehydration, 

hours 

■Vitamm C 
content, 

mg/g 

1 Sun drymg 

6 

32 3 

2 Oven drymg at 160°F mth air blast 

2 

67 9 

3 Steam oven 

3 

48 9 

4 Electno hot plate, moisture driven off by a fan 

1 

87 9 

6 Tunnel drier (Marshall oven, 160°F ) 

11 

38 9 

6 Improvised tunnel and a blast of hot air from a 
umversal hair drier 

li 

49 4 


The dehydrated material ■n'as very rich m vitamin C, the value obtained 
apparently dependmg to a considerable extent on the time taken for dehydration. 
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In the manufacture of dehydrated vegetables, the fresh material is usually 
‘ blanched’ for a short penod either m boiling water or live steam under pressure This 
improves the qnahty of the dehydrated product and steam-blanching may also have 
a preservative effect on vitamm C owing to destruction of oxidizmg enzymes When 
tender walnuts were blanched in boihng water for 3 minutes and subsequently 
dehydrated using method 6, the final product retained 0 4 per cent of the vitamm 
C imtially present, while the v ater used for blanching contained 29 5 per cent The 
percentage loss of vitamin C was thus 70 1 (In the case of vegetables, and in 
general, dipping in boiling water for a few nunutes does not cause so consider- 
able a loss ) When, however, the fresh material was blanched m live steam at 
about 16-lb pressure for 3 mmutes, the loss of vitamin C was only 26 8 per 
cent and the dehydrated product obtained by method 6 was much ncher m 
vitamm C The highest value obtamed was 106 mg /g , i e a concentration of 
over 10 per cent This is a remarkably high figure, more than 3 tunes as high 
as that given by the richest preparations of dried amla (Phyllanthvs embhca 
Linn ) prepared m these Laboratones 

Frmts m a more mature state were obtamed for testing from a smgle tree which 
grows m Suns Park m Coonoor It was found that most of the vitamm C present 
mthe immature frmt disappears with the hardemng of the pulp and the formation of 
the nut The outer covering or skin, during the later stages of maturity, contamed 
less than 1 milhgram of vitamin C per gramme, while the shell and the nut were 
completely devoid of it The disappearance of vitamm C appears to run parallel 
■with the formation of fat m the nut , v hether the former plays any part m the latter 
process is at present unknown 

Pauly mature nalnuts, pickled or preserved m sugar solution, were sent for 
test by the Pruit Specialist, Punjab, Lyallpur These were found to contam only 
traces of vitamin C 

In spite of the high vitamm C value of tender walnuts, their use as an anti- 
scorbutic in the fresh or dehydrated form does not appear to be i ery practicable 
The tender frmt is very bitter, and the dned product is so repulsive m taste 
that it could scarcely be swallowed Further, the vitamm is not stable on storage 
Tender walnuts, stored m the retngerator, lost 30 per cent of the vitamm m 3 weeks 
imd the loss m the dehydrated matenal on storage at room temperature for a similar 
period was 68 per cent It might be possible to devise methods of preparation 
(fi g pickhng) which would to some extent disguise the bitter taste, or alternatively, 
the vitarmn nnght be extracted from the frmt by suitable means But there are ^ 
the practical di^dvantages that the frmt woidd have to be obtamed and processed 
at a certain bnef stage of immatimty, the npe frmt bemg devoid of the vitamm, 
and that fully mature walnuts are a valuable commercial crop 

SxJJIMAKy. 

1 Immature walnuts are a nch source of mtamm C, containmg nearly 15 
lailhgrains per gramme of fresh material This is present mainly m the pulp As 
the frmt opens and the nut is formed, the vitarmn disappears 
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2 The use of tender walnuts as a source of vitamin C does not appear to be 
very practicable 
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ErptREENCE m the British Navy m the eighteenth century showed that dried 
vegetables were without anti-scorbutic value An interesting discussion of this 
subject will be found in the Medical Research Council Report — ‘ Vitamins, a survey 
of present knowledge ’ (1932) Until recently, the only way of drying vegetables 
ivas by prolonged exposure to sun and air which would necessarily have a destructive 
effect on vitamm C The same report states that sun-dned fruits may have a 
distmct, though feeble, anti-scorbutic activity 

The rapid dehydration of vegetables and fruits by modem methods is, however, 
essentially different from prolonged sun-drying In this process the fresh matenal 
IS blanched ’ or ‘ scalded ’ by steammg or dippmg m boding water for a few mmutes 
and then exposed to a current of hot arr m a suitable chamber and dehydrated m 
about 4 to 10 hours, the period dependmg on the nature of the material and other 
factors Dehydrated vegetables can be ‘ reconstituted ’ by soakmg m water or 
cookmg and clearly the changes produced by mechamcal dehydration are much 
less drastic than those produced by slow sun-drymg It was therefore felt to be of 
interest and value to study the effect of rapid dehydration on vitamm C content 
An the present paper, the results of tests carried out on dehydrated vegetables and 
fruits are reported The effect of storage on Mtamm C content has also been 
investigated In addition the results of tests m various samples of frmt juices are 
also given 


Method op assay 


chemical method involving the use of 2 6-dichlorophenol-mdophenol dye 
has been used throughout Provided certain precautions are observed, this method 
w accurate and gives results which conform with those obtamed by biological tests 
(Hams and Olliver, 1942) 


( 617 ) 
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DeIiydrated \’EGETABLES 

Samples of dehydrated vegetables were kmdly supphed by Messrs Parry & Co , 
Ltd , Rampet The vitanun C content of a number of samples is shown m Table I 
The fresh material before dehydration was not available for test and the values 
for the fresh vegetables included in the table are the results of tests with other 
samples 


Table T 

Vitamin C content of fresh and dehydrated vegetables 


Vegetables 

1 

Dehydrated, 

mg Is 

Fresh, 
mg /g 

Approximate 
percentage 
loss of vitamin 

C during de 
hydration 

Cabbage (Brassica oleracea capiiata) 

0 95 

1 24 

88 

Cauliflower {Brassica oleracea holryles) 

150 

0 06 

72 

Carrot (Daucus carota) 

010 

0 03 

60 

Turnip {Brassica rapa) 

0 08 

043 

93 

Parsnip {Faslxnaca saliva) 

010 

0 16 

1 

79 

Knol khol {Brassica oleracea cattlorapa) 

1 40 

0 86 

83 

Onion {Allium cepa) 

0 05 

Oil 

88 

Bnnjal {Solanum melongena) 

0 30 

0 23 

86 

Bitter gourd {Momordica charanlia) 

1 

1 80 

0 88 

72 

Ladies’ fingers {Hibiscus esculentus) 

1 15 

0 16 

13 

Potato {SoJaman luberosuvi) 

1 

0 10 

0 17 

49 


Losses occurring on dehydration cannot be exactly deduced from these 
figures, since the ^ itamin C content of the fresh vegetables used for dehydration 
w as not know n If this corresponded with that of the fresh samples tested m 
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the Laboratones, losses, reckoned on a moisture-free basis, ranged from 60 to 
90 per cent, except m the case of Hibiscus esculentus, where it was of a smaller 
order This mav have been due to the fact that the sample used for dehydration 
was exceptionally nch m vitamm C 

Many of the dehydrated vegetables were too low m vitamm C to be of practical 
value as a source of the vitamm m the quantities m which they are hkely to be 
consumed Five vegetables — cabbage, Imol-khol, cauliflower, bitter gourd and 
ladies’ Angers — gave higher values than the rest and were selected for further study 
The eSect of storage for 3 and 6 weeks at Coonoor room temperature {18°C to 
23‘’C ) and m an mcubator at 37°C is shown m Table II The material was 
stored m closed, but not sealed, cigarette tins 


Table II. 


Percentage loss of vitamin C tn dehydrated vegetables on storage 


Dehydrated 
vegetables, > 

3 weeks’ stokaoe 

6 weeks’ stoeaoe 

Room 

temperature 

' 37'C 

1 

Room 

temperature 

37°C 

i 

Cabbage 

1 

j 65 

18 ' 

74 

42 

Elnol khol | 

61 


70 


Cauliflower 

32 

i 

25 

75 

47 

Bitter gourd 

60 

1 

11 j 

77 

43 

Ladies' fingers 

74 

. 44 

1 

1 

76 

48 


^e percentage loss after 6 weeks’ storage was very considerable Losses were 
actually greater m the material stored at room temperature than m the matenal 
8 oted m the mcubator The latter was dry and cnsp whereas the former took 
up moisture, which may haT.e accelerated destruction of the vitamm 


-sr, stabihty of vitamm C m samples stored m sealed tins was then mvestigated 
ese were dehydrated after steam-blanchmg m the factory at Eampet Tins 
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containing dehydrated niatcnar niamifactiiied simultaneously from tlie same 
original sample of fresh vegetable were stored at 37°C and one tin of each opened 
monthly for testing Tlie results are shown in Table III — 


Table III 


Stability of vitamin G in deliydrakd vegetables stored in sealed tins at 37°C 


Dehydrated 

vegetable 

1 

Imtial 
vitamm C, 
mg/g 


VlTASnN C CONTENT ON STORAGE, 

MG /G 

- 

1 month 

Percentage loss 

2 months 

Percentage loss 

3 months 

Percentage loss 

4 months 

00 

CO 

O 

o 

bO 

c5 

a 

o 

s 

o 

Cabbage 

! 

0 70 

0 48 

32 

0 40 i 

43 

0 36 

60 0 

0 27 

' 60 7 

Knol khol 

0 40 

0 30 

26 

0 23 i 

44 

0 20 

60 0 

0 20 

60 0 

Cauhflower 

1*48 

0 86 

42 

1 

0 78 

47 

0 73 

49 2 

0 60 

60 3 

Bitter gourd 

2*30 

2 06 

0 

2 36 

1 

16 

2 25 

19 6 

1 88 

1 

36 9 


(After 3 to 4 months’ storage in sealed tins, the samples of cabbage, knol khol and oauhflower 
develojied an offensive smell and appeared unfit for use ) 


Vitaimn C was more stable in the material stored m sealed tins, but the loss 
was nevertheless fairly rapid Some stabihty tests were also earned out on dehy- 
drated potatoes The quantity of dehydrated potatoes manufactured exceeds 
that of any other vegetable, and hence it is important that their nutntive value 
should receive special attention Samples giving an imtial value of 0 36 mg / g 
(a higher value than that recorded for the sample m Table I) were stored for 3 months 
at room temperature in closed tins The loss of vitamin C during this penod was 
only of the order of 10 per cent It appears that vitamin C m dehydrated potatoes 
is somev hat more stable than m other dehydrated vegetables Beckley and Notley 
(1911) reported a value of 0 49 mg /g for a sample of dehydrated potato after 7 
months’ storage 

The effect of reconstitution and cooking — The dehydrated vegetables reconsti- 
tuted well on bemg soaked in water for a few hours, but they did not take up as 


S. jRanganathan 


521 


much water ns tliey lind lost on dehydration One gramnie of dehydrated matenal 
‘ reconstituted ’ to the following — 

Cabbage 7 20 g Bitter gourd 6 90 g 

Knol-^ol 9 'fO g Ladies’ fingers 8 08 g 

Cauliflower 5 85 g Potato 3 60 g 

These figures do not correspond with the amounts of the fresh vegetables 
necessary to yield 1 g of the dehydrated material calculated on the basis of their 
initial moisture contont It appears that m the case of many vegetables the weight 
of the reconstituted vegetable may be a half or less of the ongmal fresh weight 
During reconstitution some of the soluble material passes mto the water Further, 
it 18 probable that dehydration leads to structural changes m the cells so that the 
material cannot be restored to its origmal consistency 

In the cookmg tests, the vegetables, with the exception of cabbage, were re- 
constituted and cooked by being placed m boihng water and cooked for one hour 
Dehydrated cabbage was soaked m minimal amounts of water for 2 hours , the 
water was then raised to the boil and kept boiling for 10 minutes The reconstituted 
vegetable and the water were both tested for vitanun C, the results bemg given m 
Table IV The eSect of cooking the fresh vegetable is shown for purposes of 
comparison 


Table IV 


Effect of cooling on the vitamin C content of dehydrated vegetables 




Dehtheated 

1 


Fbesh 


Vegetables 

__1 

Vitamin C 
m cooked 
matenal, 
per cent 

1 1 

i Vitamin C 
in cookmg 
irater, 
per cent ' 

1 

i Loss dunng j 
cooking, 1 
per cent 

A'^itamm C 
m cooked 
matenal, 
per cent 

1 

1 Vitamm C 

1 m cooking 
i water, 
per cent 

Loss dunng 
cooking, 
per cent 

Cabbage ' 

1 

10 

62 I 

32 

11 

25 

64 

1 

1 

bjiol khol 

1 

‘ 6 

61 

34 

0 

73 

1 

21 

Cauliflorrer 

3 

40 

1 

67 ' 

i 1 

9 

81 

1 

10 

BiUer gourd 

19 

i 

9 

1 

! ( 

72 

2S 1 

1 

11 i 

61 

ladles' fingers 

19 

1 

9 1 

72 

1 

n 

1 

13 

1 

1 

70 

Potato 

35 

45 

1 

20 

11 

IG 

1 

73 


expressed as percentage of Tjtannn C ongmally present m uncooked debjdratcd 
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In the case of cabbage, knol-kbol, caubflo-wer and potato, most of the vitamm C 
passed mto the cookmg water The total loss on cooking ranged from 20 to 72 
per cent, or, to put it the other way roimd, the cooked material plus cookmg water 
retamed from 28 to 80 per cent of the vitamm origmally present It is clear 
that, if the cookmg water is not consumed, the losses of vitamin C involved 
m the reconstitution and cookmg of certain dehydrated vegetables are very 
considerable 

The effect of ‘ blanching ’ — ‘ Blanching ’ m this context means dippmg the fresh 
vegetables m bodmg water or subjecting them to live steam under pressure for 
3 to 10 minutes Blanchmg improves commercial quahty and prevents stauung , 
it may also have a preservative effect on Antamm C because the heat destroys the 
ascorbic-acid oxidase usually present m fresh vegetables (Beckley and Notley, 
loc cit ) As regards vitamm C, steammg is hkely to give better results, smce 
vitamm C may be leached out when fresh vegetables are placed m boihng water 
Seven samples of steam-blanched dehydrated vegetables, supphed by Messrs 
Parry & Co , were tested In Table V the values obtained are compared with 
those gven by other samples not subjected to steam-blanchmg (c/ Table I) 
Further tests on samples from the same origmal batch of vegetables, steam- 
blanched and dehydrated m the Laboratory, by an improvised apparatus (Sekhon, 
1942), gave results of the same order 


Table V. 


Effect of steam-blanching on vitamin C content. 


Vegetables 

Steam blanched 

1 Vitamm C, mg /g 

Without 
steam blanohmg 
Vitamm C, mg /g 

Cauliflower 

1 

1 

1 2 36 

1 60 

Brmjal 

018 

0 30 

Carrot 

026 

j 

010 

Parsnip 

0 16 

0 10 

Ladies’ fingers 

1 20 

1 16 

Potato 4 

0 36 

0 10 

Bitter gourd 

2 00 

1 80 
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In the case ol potato, carrot, bitter gourd and cauliflower the steam-blanched 
samples gave defimtely higher values In a senes of experiments earned out m the 
Laboratones, dehydrated potatoes steam-blanched at about 15-lb pressure gave 
consistently higher %alues than potatoes blanched m boibng water or not subjected 
to the blanching process The steam-blanchmg of whole unpeeled potatoes for 
10 mmutes gave better results than the steam-blanchmg of such potatoes for shorter 
penods With peeled and shced potatoes, 3 mmutes’ steam-blanchmg was 
found to be suitable Employing steam-blanchmg along these Imes and rapid 
dehydration, it was found possible to obtam dehydrated potatoes contammg 0 76 
mg /g of ntamm C With more prolonged drymg, values were considerably lower 
Even under the best laboratory conditions there was a loss of about 26 per cent of 
vitamm 0 dimng dehydration 

Effect ^ ‘ ‘icaldi]}g ’ — It is generally recognized that the prebmmary 
‘scaldmg’ of legetables by dippmg them m bodmg water for a few mmutes 
before dehydration minimizes subsequent losses of ntamin C This was con- 
firmed by tests on cabbage, potato and carrot m the Laboratory, in which 
the materials were subjected to ptebmmary dippmg for 3 mmutes erther m 
bmlmg water alone or m boilmg 0 8 per cent sodium-sulphite solution, equi- 
valent to 0 2 per cent SOo The values given by ‘ scalded ’ samples after 
dehydration were 10 to 25 per cent higher than those given by samples not 
subjected to this preliminary treatment 

Certam commercial samples of potato dehydrated after bemg dipped m boilmg 
water and subsequently m 1 6 per cent sodram-snlphfte solution were found to be 
completely devoid of vitamm C It is not clear why this result was obtamed, but 
it IS important to note its occurrence 

Effect of sulphur fumes — ^Fumigation with sulphur fumes is sometimes apphed 
to the fresh material before dehydration to prevent stammg A senes of tests 
showed that the treatment did not affect vitamm C values 

The pradtcal value of dehydrated vegetables as antiscorbutics — ^Modifications 
m manufacturmg techmque might make it possible to produce dehydrated vegetables 
gnung vitamm C values of a somewhat higher order than those reported above 
For example, it is probable that the more rapid the process of dehydration, the less 
the destruction of vitamm C which is likely to take place, provided the temperature 
does not exceed certam brmts It appears that certam dehydrated vegetables may 
be ehmmated as anti-scorbutics, but there are others which have a deBmte though 
limited, value The losses which take place on cookmg or storage are of special 

importance Assummg that the cookmg water is consumed, 2 oz (dehydrated 

Weight) of the foUowmg vegetables, after 2 months’ storage m sealed tms at 
37 C , would supply approximately the amount of vitamm C mdicated — 

Vegetables Vitaimn 0 (mg ) Vegetables Vitamm C (mg ) 

Cabbage 14 to 17 ^ Cauhfloner 18 to 25 

Knol-khol 10 to 20 Bitter gourd 15 to 30 

Fotato 12 to 16 i 
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The value for potato is based on the assumption that the initial vitainin C 
content after dehydration was 0 36 mg /g It is to be observed, however, that 
some commercial samples of dehydrated potatoes may be entirely devoid of 
vitamin C 

Two oz are roughly eqmvalent to 8 oz to 12 oz of the reconstituted matenal 
The amounts of vitamin C which could be obtained from an intake of this order 
are by no means negligible and might serve to turn a scurvy-producmg diet mto a 
diet which protected agamst the disease Nevertheless, it is clear that dehydrated 
vegetables prepared by ordmary commercial methods cannot be regarded as safe 
or potent anti-scorbutics Methods of manufacture are not completely standardized 
and while a dehydrated vegetable produced by one manufacturer might contain 
some vitamin C the same matenal processed in a different maimer by another 
manufacturer might give a lower value or be devoid of the vitaimn Storage in 
air-tight containers and use as soon as possible after manufacture are to he 
recommended The destruction of vitamm C on cooking can probably be reduced 
by cookmg for minimum penods and by the addition of an acid substance, such as 
tamarmd, to the cookmg water 


Dehydrated fruits 

Amla (Phyllanthus emblica Linn ) — ^Amla is available m unhmited quantities 
in India as a minor forest product It is very nch m vitamin C, coming second only 
to tender walnut (Pechmkova, 194.0, quoted by Eanganathan, 1942) m this respect 
among fruits hitherto tested The fresh pulp of the ripe fruit contains 4 mg to 8 mg 
of vitarmn C per gramme, most of which is present m thejmce, an average sample 
of the latter containmg 5 mg /ml to 7 mg /ml Umipe frmt, m which the kernel 
IS scarcely formed, is relatively poor m the vitamm (0 6 mg /g to 0 7 mg /g ) 

Amla pulp can be dehydrated and powdered and remain rich m vitamin C 
One of the reasons for the relative stability of the vitamm in this frmt is that it 
contains tannins which partially protect the vitamm from destruction The 
dehydration of amla pulp reduces its bulk by about 8 tunes If no vitamm C were 
destroyed m the process, the average vitamm C content of the powder would be 
of the order of 50 mg /g Actually this theoretical value is never attained Sun- 
dried amla pulp usually contams 10 mg /g to 14 mg /g , the highest value bemg 
about 19 mg /g If drymg m the open an is prolonged for more than 4 to 8 hours, 
the values obtained fall rapidly 

Mechamcal dehydration produces better results In this process the pulp if 
broken up mto small fragments and dried on trays m a blast of hot air Usua 
values for the dehydrated matenal are 24 mg /g to 28 mg /g , the highest recorded 
in the Laboratory bemg 35 mg /g Mechamcal drymg at about 93°C for 20 to 30 
minutes produced the best results As far as possible the frmt should be kept out 
of contact with metal during the process 'of pulping and dehydration 

SlahiUty — ^^btaimn C m dehydrated amla powder is stable for 3 months at 
about 2°C , but storage at this temperature for 6 months mvolves a loss of about 
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10 per cent Losses in 3 months at Coonoor room temperature (18°C to 23*^0 ) and 
at 37°G respectively Avere of the order of 20 to 25 per cent Stability is somewhat 
increased when the powder is punched into tablets The loss of vitamin C m amla 
powder stored at 37°C (not jji vacuo) for a period of 20 months, as determined by 
tests at regular mtervals, is shown in the Graph — 


Geaph 



of vitamin C in a gnmple of dried amla powder stored at 37°C , not in racuo 


The destruction of vitamin C is reduced by storage in vacuo, the loss m these 
ctrcumstances at 37°C in 6 months being only 10 to 15 per cent Even in vacuo, 
however, loss proceeds steadily on prolonged storage 

_ powder stored m a^cold room for 8 months was successfully used by 

h-han (1942) in the treatment of severe cases of human scurvy 

jVofe on tJie estnnation of vitamin C in the presence of tannins — ^According to 
Immanofi and Toledo (1940), the presence of tanmns interferes with vitamin C 
s earned out by the chemical method with 2 6-dichlorophenol-mdopheno] Since 
18 nch m tannins, attention was given to this pomt Ample evidence was 
ned that any interference by ta nnin s m the reaction is ehmmated nhen the 
^ earned out m a strongly acid medium, at or below pH 3, and when the end 
pom u taken as the stage at which the pink colour remains unchanged for about 15 
econds This ib in general agreement with the findmgs of Bessey (1938) 

0 amodamn and Hair (1936) observed that there are 2 tanmns present in amla , 
0 o these does not react with the dye while the other gives a slight reaction, 
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1,000 mg of pure tanmn givmg the efiect of 2 rag to 3 mg of ascorbic acid 
The vitamra C values given by amla were found to be consistently dependent 
on such factors as the method of drying, period of storage, etc , which do not 
afiect tanmn content Samples of amla powder qmte devoid of vitamin C but 
contaimng the usual amount of tannins have been tested from time to tune 
Further, the results of chemical tests on amla were checked by biological assays 
on gumea-pigs 

Ta n n in s are quantitatively removed by mercuric acetate Treatment with 
mercuric acetate, following the technique of Emmerie and van Bekelen (1934), 
reduced the titration value given by amla powder by 2 to 10 per cent, with an 
average of 6 per cent It is unlikely that this shght difference was due to removal 
of tannins 

It may be added that wattle-bark, which is rich m tanmns, does not react 
with the dye m acid medium below pH 3 A mixture of equal parts of amla powder 
and wattle-bark gave the same titre as the same quantity of amla powder alone 
The fresh green leaves of the tea shrub give a fairly high vitaram C titre by the 
chemical method Processed tea leaves, contaimng bulk for bulk much Imger 
quantities of tanmn, give no titre 

Country guava (Psidium guyava) — The country guava is a nch source of vitamin 
C, the value of 2 99 mg /g for the fresh pulp havmg been rep6rted by the author 
(Ranganathan, 1935) Levy and Fox (1936) found lower values (0 66 mg /g to 
0 89 mg /g )but Goldberg and Levy (1941) have recently reported a figure of 2 mg /g 
to 3 mg /g , which corresponds to that reported by the author Goldberg and 
Levy (loc cit ) claim to have manufactured, from country guava, a dried powder 
contaimng about 30 mg /g of vitarmn C By then method the fresh fnut was 
blanched for 2 rmnutes and then dried at 130°F (66°C ) Numerous samples of 
dried guava were prepared both m the Laboratory and m the factory, in general 
following the method described by the above workers The vitamm C value of 
-the majority of the dried preparations ranged from. 2 mg /g to 5 mg /g Even- 
tually, by rapid dehydration m the Laboratory after preliminary dippmg m boihng 
sodmm-sulphite solution (eqmvalent to 0 2 per cent SO 2 ) for 3 mmutes, a 
sample was obtained giving a value of 22 8 mg /g The powder was attractive 
m appearance and palatable Unfortunately, vitamm C potency rapidly fell on 
storage, some 30 per cent of the vitamin bemg lost on storage for 24 hours both 
at room temperature and m the incubator The vitamm would probably be 
more stable in guava powder or tablets packed rn vacuo, but this is not feasible 
at the present time owing to the shortage of tin Guava powder with a potency 
of 20 mg /g to 30 mg /g would, if sufficient stabibty could be assured, make 
an admirable anti-scorbutic and it is desirable that further work on the subject 
should be earned out At the moment, however, guava powder cannot be 
recommended as a practicable anti-scorbutic 

Cashew apple (Anacardium occidentale) — Cashew apple is nch m vitamm C 
and available m fair abundance in India The whole frmt contains about 3 2 mg /g 
and its jmee, in which the vitamm is principally present, about 3 6 mg /ml Shces 
of the fnut dned m the sun for 1 to 10 hours gave values rangmg from lO 5 mg /g 
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to 16 25 mg /g A cnsp easily-powdered mntenal could not, However, be produced 
eA en witb prolonged sun-drying Blaterial dned in an oven for 4 Hours at 70°C 
was deA oid of Antaimn C 

Sun-dned casHew apple lost nearty 60 per cent vitamin C in a week wHetHer 
stored at room temperature or at loAver temperatures THe dried slices did not 
reconstitute well on soaking m water and most of tHe vitamin C passed mto tHe 
water m wHicH reconstitution took place THe dned fruit Has a strong acnd 
taste Since tHe season for casHew apple is sHort and suppHes are localized, collec- 
tion of tHe frmt, processmg, powdenng of tHe deHvdrated material, etc , would 
present a formidable problem Even if these difficulties were surmounted, the 
poor stabiHty of vitamm G in the dned casHew apple rules it out as a practicable 
anti-scorbutic 

Papaya and pineapple — Papaya (Carica papaya) and pmeapple (Amnas 
sativus) are two common fruits of India which contam fair amounts of vitamm C 
SHces of these fruits when oven-dned at 70°C yielded a product which vras fairly 
palatable but completely devoid of vitamm 0 Sun-dned matenal contamed only 
traces of the vitamm Commercially dehydrated pmeapple contamed 0 36 mg /g 
of vitamm C 

Prwt juices and frmt jmce concentrates — Enut ]mce preparations have often 
m the past been used as anti-scorbutics The fresh jmce of such fruits as hme, 
orange and pmeapple is nch m vitamm C and when preserved and bottled such 
juices are very agreeable to take . Unfortunately Autamm C is very unstable 
m fruit jmces Eor example, Imie jmce was found to lose all its vitamm C 
when stored at Z7°G for one month In cold storage at 2‘’C the loss during 
the same penod was 50 per cent and m 45 days 88 per cent The Autamm 
was found to be somewhat mote stable m orange jmce, but rapid loss was 
observed m this case also Preservatives, such as sahcybc acid, benzoic acid, 
bone acid, absolute alcohol and sodium metabisulphite, had httle stabilizmg 
eSect Bottled frmt jmces available on the market were found to contam httle 
or no vitamm C 

Prmt jmce concentrates can be prepared by distillation under reduced pressure 
Pauly potent concentrates were prepared m the Laboratory, but it was found that 
the destruction of vitamm C during the process was considerable, amountmg to 

71 and 86 per cent respectively vath hme, pmeapple and cashew frmt juice 
■!ao doubt losses could lie greatly mmimized by carrymg out the concentration m 
an atmosphere of an mert gas, e g mtrogen, but this would probably not be 
feasible on a commercial scale m India at the present time Various frmt 
juice concentrates prepared m India were sent to the Laboratones for test 
■^ese m general were found to have a vitamm C content only a little higher 
tnan the average value of the fresh jmce from which they were prepared The 
vitamm C present w as unstable, from 40 to 60 per cent ffisappearmg on storage 
for 3 weeks Most of the samples readilv fermented on storage 

In general there is httle to be said m favour of bottled frmt jmces and concen- 
^tes as anti-scorbutics In relation to then vitamm content juices are bulky and 
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lieuce unsuitable for transport and the vitamin in both juices and concentrates is 
lugbly unstable 

Summary 

] An investigation of the effect of dehydration on the vitamin C content of 
various vegetaliles and fruits is reported 

2 The dehydration of vegetables in general destroys most of the vitamin C 
present m the fresh matenal Certain vegetables however, retain vitamin C in 
appreciable quantities after dehydration 

3 The ntaunn C content of dehydinted vegetables falls rapidly on storage 

4 Eeconstitution and cookmg lead to further losses of the vitamm remaimng 
in dehydrated vegetables hluch of the vitamin C that survives passes mto the 
cooking water 

5 Amla fruit after dehydration remains rich in vitamm C, which is rehttvehj 
stable m amla powder and tablets Steady loss, however, occurs on storage Tlie 
presence of tanmns m amla does not interfere with the estimation of vitomm C 

6 It was not found possible to prepare a stable powder rich m vitamin C 
from country guava Similar experiments ivith cashew apple, papaya and pme- 
apple were also unsuccessful 

7 Frmt jmee and frmt juice concentrates cannot be recommended as 
anti-scorbutics, the vitamin in such preparations bemg very unstable 
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The debydxation. of vegetables leads to considerable destruction of the 
vitamin C present in the fresh matenal (Eanganathan, 1942) Fresh vegetables 
contain, in addition to vitamin C, another important vitainin, namely, pro-vitamin 
A or carotene, and the greater part of the vitamin A activity of most human 
diets 18 usually derived from the carotene present m vegetables It is, therefore, 
important that the effect of dehydration should be studied m the case of this 
mtamin also No work on this subject appears to have been reported in the 
hterature •• 


Fresh vegetables rapidly lose carotene on storage (De, 1936), a high percentage 
of the carotene onginally present being destroyed within a few days The loss 
ims found to be most marked in green leafy vegetables, which are m general nch 
m carotene Numerous workers have shown that the smi'drymg of grass and other 
odder crops leads to destruction of carotene, which undergoes decomposition when 
exposed to ultra-violet and visible hght (Dann, 1933 , Guilbert, 1935) When drying 
IS prolonged, enzymic and bacterial action also produces a destructive effect On 
ne other hand, carotene is more stable m fodder crops which are rapidly dried by 
mechamcal means, e g in a hot chamber under a blast of hot air Eussell (1929), 
^flo earned out experiments on the effects of vanous methods of drying on the 
carotene content of alfalfa, reported that machme-dned matenal had a vitamm A 
potency at least 7 tunes greater than that of a field-dned sample He did not, 
wever, estimate the loss occurring duxmg machine-drymg 
In this paper the effect of dehydration and reconstitution on the carotene 
con eut of 13 vegetables is reported By dehydration is meant rapid drying in a 
iinent of hot air, the dehydrated matenal being in such a state that soaking in 
If almost to its ongmal shape appearance and consistency The 

of s ome prelmunary tests on the effect of storage are also recorded 


4 , me 
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Carotene Content of Deliydiated Vegetables 


Method of dehydration 

Commercially vegetables are dehydrated by being cut into thin shoes and 
placed on trays in a large tunnel through which hot air is blown by fans The 
process usually takes 6 to 12 hours, depending on the nature of the vegetable and 
the efficiency of the plant In the Laboratory it was imitated by using an electric 
hair-drier, which dehvered a current of hot air at about 70°C through a thick 
cardboard tube The medible portions of the vegetables were removed and shoes 
of smtable size cut and placed in the tube This makeshift apparatus proved 
an excellent dehydrator The shoes were occasionally stirred so that fresh surfaces 
could be presented to the air current Dehydration was judged to be complete 
when the shoes were crisp and broke cleanly on slight finger pressure At this 
stage the moisture content was between 6 and 10 per cent The time requued for 
dehydration was from 3 to 6 hours 

Potatoes, when shced and dehydrated without prehmmar}’^ treatment, usually 
develop brownish stains, presumably as a result of enzyme action Prelmimary 
‘ blanchmg ’ by steaimng, or by dipping the potatoes in boilmg water, prevents this 
undesirable change and such treatment is invariably applied in manufacture In 
the present experiments, the potato shoes were blanched in steam at about 16-lb 
pressure for 10 minutes previous to dehydration This treatment was found to 
prevent change m colour Most samples of other vegetables were dehydrated 
without prelimmary treatment, but a number of samples were ‘ scalded 
by bemg dipped m boding sodium-sulphite solution before dehydration to 
observe the effect of this treatment 

Carotene assay 

The method employed was the ‘ phase-separation ’ test described by Palmer 
(1922) and subsequently employed by De (1936a) One g to 10 g and 0 6 g to 2 0 g 
of fresh and dehydrated vegetables respectively were crushed with powdered glass 
in a porcelam mortar and repeatedly extracted wuth small quantities of absolute 
alcohol, untd no more colourmg matter could be removed The alcohol extract 
was brought to about 88 per cent strength and shaken wnth small amounts of 
petroleum ether (B P 40°C to 80°C ) until the petroleum ether layer became 
colourless The petroleum ether extracts were pooled and washed consecutively 
with 90, 80 and 70 per cent alcohol to remove xanthophyUs, rhodoxanthm, etc 
The extract was washed well with water to remove all traces of alcohol It was then 
dried over anhydrous sodium sulphate and Shaken with dry precipitated CaCOi 
This operation removed chlorophyll and other non-hydrocarbon pigments 

Prelinunary experiments on 3 vegetables showed that saponification at any 
stage is unnecessar}’^ This is because vegetables do not contain appreciable 
quantities of fat and because the xanthophyll esters are either present in negligible 
amounts or else are removed by treatment with CaCOs The yellow solution 
contaimng only carotene was filtered and the filtrate made up to a definite volume 
The intensity of the yellow colour was determined using a Lovibond tintometer 
The amount of carotene present was then estimated by r^erence to a standaro 
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curve previously drawn sliownng the relation between yellow units and the strength 
of a solution of pure j3-caroteno 

Carotene is present in vegetables mainly as |5-carotene (Mackinney, 1935) 
No attempt was made to separate a-, and y-carotenes, the total yellow colour 
being compared inth the standard The results have been stated as micrograms of 
carotene per 100 g of moisture-free material For translation into International 
umta of ntamin A, one micrograni of carotene may be taken as approximately 
equivalent to one International unit (De, 1936a) 

It IS to be obsen'ed that in carrying out carotene tests on small samples 
of vegetables, some sampling error is me\atable Every effort was, however, made 
to choose representatn e samples 

The effect op dehyoration 

The carotene value of the fresh sample was estimated and its moisture 
content detemuned The same sample was then dehydrated and tested m the same 
^ay The values were compared on a moisture-free basis Usually, the dehydrated 
samples were tested on the day following the test on the fresh samples, the former 
being stored m tins in a desiccator covered vath a black cloth to protect them from 
hght and atmosphenc moisture The results are shown in Table I — 

Table I 


The loss of carofe^ie resvlhng from the dehydrahcm of vegetables 


Vegetable 

1 / 

t 

j Botanical name 

1 

Micrograms 
of carotene 
per 100 g of 
fresh {mois 
ture free) 
vegetable 

i 

Micrograms 
of carotene 
per 100 g of 
dehydrated 
(moisture free) 
vegetable 

Percentage 
loss of 
carotene on 
dehydration 

Cabbage (enter green 
leaves) 

(Brnssica oteraaa capilala) 

20,960 

24,140 

10 4 

Fenugreek leaves 

(Tngondla fcenumgrteaim) 

36 990 

32,490 ' 

12 1 

1 


(Petrosthnum tatiwm) 

63,380 

61,670 

34 

Spinach 

{Spinacia oleracea) 

34,290 

i 32,280 

29 

Carrot 1 

(Banciis carola) 

60,350 

49,220 

22 

Potato 

[Solarium lubtroBum) 

162 

86* 

47 7 

Bitter gourd 

[Momordica charantia) 

2,667 1 

2 495 

1 

64 

f 

[Brasftca oleracea bolrytes) 1 
1 

1 i 

405 1 

1 

1 

S97 

) 

1 9 


* Steam blanched for 10 minntes before dehydration 
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Table I — concld 


Vegetable 

Botanical name 

Micrograms 
of carotene 
per 100 g of 
frtsli (mois- 
ture free) 
vegetable 

Micrograms 
of carotene 
per 100 g of 
dehydrated 
(moisture free) 
vegetable 

Percentage 
loss of 
carotene on 
dehydration 

Cluster beans 

{Gyamopsis psoraltotdes) 

2,894 

2,422 

16 3 

Prenoh beans 

{Phaseohia viilgans) 

3,182 

2,724 

141 

Ladies’ fingers 

{Htbiacus esculenUis) 

618 

460 

13 1 

Peas, Engbsh 

[Pimm sativum) 

1,762 

1,636 

12 3 

Yellow pumpkin 

(Oucurhta maxima) 

14,240 

14,180 

04 


The percentage loss of carotene was small m the case of carrot, yellow pumpkui, 
bitter-gourd, cauliflower and spmach In cabbage, French beans, cluster beans, 
peas, parsley, fenugreek and okra it ranged from 10 to 20 per cent Potato showed 
the greatest loss, which was presumably due to the prelimmary steaming Guilbert 
(loo cit ) observed that the autoclaving of fresh vegetables caused considerable 
loss of carotene The carotene content of fresh potatoes is low and the loss occurring 
on steammg and dehydration cannot be regarded as being of much practical 
importance 


In the factory a usual practice is to ‘ scald ’ vegetables before dehydration 
by prelimmary dippmg for a few mmutes m boilmg sodium-sulphite solution 
(eqmvalent to 0 2 per cent SO 2 ) The effect of this treatment was mvestigated 
in the case of samples of cabbage,' parsley and carrot The retention of carotene 
m these vegetables on dehydration after prelmunary ‘ scaldmg ’ was of the s^e 
order as that observed in dehydrated samples not subjected to ‘ scaldmg -I'le 
effect of various methods of ‘ blanchmg ’ and ‘ scaldmg ’ on the carotene present m 
different kinds of vegetables requires further investigation 


The efeect of keconstithtion 

Dehydrated vegetables must be reconstituted before they are consumed 
There are two methods of reconstitution which may be followed The vegetable 
may be soaked m cold water for about 12 hours, during which it absorbs water and 
resumes its former appearance m the manner which is so surprising when seen for 
the first time, and then boiled for a short penod Alternatively, the vegetable 
IS simply boded for 20 to 50 imnutes, the time depending on the nature of t e 
vegetable Boihng in this way produces satisfactory reconstitution, and because 
of its convemence is the method hkely to be followed m practice In the presen 
esperiments the second method of reconstitution was followed The dehydrate 
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vegetables vrete boiled in sufficient quantities of water in beakers and tbe reconsti- 
tuted vegetable removed from tbe cookmg water Both the water and the vegetable 
were then tested for carotene The results are given in Table II The samples of 
cabbage, carrot, bitter gourd and yellow pumpkin used m this mvestigation were 
manufactured by Messrs Parry & Co , Ltd , Eampet, and sent to Coonoor for 
\'itamm C testing When the carotene tests recorded lO Table 11 were earned out 
they had been in storage in the Laboratory for some veeks m closed unsealed 
tms at room temperature The sample of cabbage used m this case had a much 
lower carotene lalue than that of the sample tested for losses on dehydration 
(Table I) The latter consisted of green outer cubbage leaves, whereas the former 
included the white inner part of the cabbage which is relatively poor m carotene 


Table II 


Loss of carotene occurring during the reconsMvtion of 
dehydra t^ vegetables 


\ egetable 

1 

Sliorograms 

1 of carotene 
per 100 g of 

1 dehydrated 
vegetable 

1 Miorogratna 

1 of carotene 
per 100 g of 

1 dehydrated 
' vegetable on 
, reconatitntion 

1 

Percent^e 
loss of 
carotene on 
reconstitution. 

Cabbage 

1 

760 

t 

j 

j 672 

10 4 

renngreek leaves 

29,010 

I 28,890 

04 

Bpmach 

31,427 

28,190 

10 3 

Carrot 

82,640 

80,870 

21 

Potato 

78 

70 

10 2 

Bitter gourd i 

1 6,981 

4,838 

19 6 

Cauliflower 

365 

376 

Nil 

Cluster beans 

i 

2,230 

2,000 

10 3 

Peas, Enghah | 

1,376 

1,180 

J 

19 8 

Yellow pumpkin j 

7,760 

7,250 

1 

65 
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The losses on reconstitution were not very serious No carotene could be 
detected in the water used for boding 

The effect of storage 

The results reported above show that in general most of the carotene in 
vegetables survives dehydration and reconstitution It is, however, necessary to 
know whether carotene is reasonably stable m the dehydrated matenal In 
practice dehydrated vegetables wiU usually be consumed several months after 
manufacture 

Systematic tests of the effect of storage on carotene values would have to be 
extended over a period of 6 months or more Some prehmmary tests have been 
earned out on samples manufactured b)'^ Messrs Parry & Co , and on samples prepared 
in the laboratory, stored in unsealed tins at room temperature m Coonoor (18°C to 
23°C ) The imtial value on manufacture of the former samples was unknown 
The results, which are shown in Table III, m general indicate that whde some loss 
does take place on storage, carotene in dehydrated vegetables is reasonably stable 
For example, dehydrated carrots after storage for 3 months contamed nearly 50,000 
micrograms of carotene per 100 g On the other hand, the carotene present m the 
sample of cauliflower tested was considerably reduced on storage for 3 months 

Table III. 


Carotene in dehydrated vegetables stored for 
various periods 


Vegetable 

Period of 
storage, 
days 

Carotene, 
lig /lOO g 


- 

0 

61,670 

Pareley 





U 

48,270 



34 


Carrot 





07 

48,110 



36 

60 

Potato 


08 

60 



o 


Bitter gourd 


37 

3,460 


07 

2,290 
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Table III — concid 


\ cgctnbic 

Period of 
storage, 
days 

t arotene, 

(ig /lOO g 

( 

i 

, 36 

400 

Cauliflower -i 



1 

07 

160 


1 

1 0 

2 422 

Cluster beans 

36 

1,803 


1 72 

1,722 

f 

f 0 

450 

Ladies* fingers 

30 

384 

{ 

66 

346 

- 

, 0 

1,536 

Peas, English 

i 34 

1,464 

. 

72 

1,369 


60 

4,900 

\ ellow pumpkin 


4,368 

1 80 

t 

1 


Discussion 

It IS of interest to note the high carotene values given by dehydrated green 
catbage, carrot, spinach and yellovr pumpkin Weight for weight, such vegetables 
■when dehydrated may retain from one third to one half the vitamm A activity of 
an average sample of cod-hver oil While before consumption their bulk is greatly 
increased by reconstitution, for purposes of storage and transport they may be 
regarded as concentrated sources of vitamm A. 


SuMMAEY 

f The efiect of dehydration and reconstitution on the carotene content of 
Various vegetables has been studied 

2 Losses on dehydration are not senous, ranging from almost ml to about 
n per cent The loss m a sample of potato subjected to steam-blancbmg before 



636 


Carotene Content of Dehy d/rated Vegetables 


dehydration was considerably greater Reconstitution by cooking leads to 'losses 
ranging from almost nil to 20 per cent 

3 The carotene content of dehydrated vegetables appears to be reasonably 
stable on storage 
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THE APPLICATION OF THE CYANOGEN BROMIDE 
TEST TO A STUDY OF THE METABOLISM OF 
NICOTINIC ACID IN RABBITS 

hi SWA.MINATHAN 

INuiriiion Scscarch Laboratories, 1 K F A , Coouoor, S India ) 

[Received for publication, September 26, 1942 ] 

SCiCE the identification of nicotinic acid vnth the pellagra-preventive vitamin 
(Elvehjem, Madden, Strong and Wooley, 1937 , Spies, Cooper and Blankenhorn, 
1938), various studies have been made of the mefabohsm of nicotimc acid m 
human beings and experimental animals (Swammathan 1939, 1941 , Shoune and 
Siraminathan, 1940 , Harris and Eaymond, 1939 , Winegar, Pearson and Schmidt, 
1940 , Dann and K.ohn, 1940 , Dann, 1941) These have indicated that rats and 
sheep do not require an extraneous source of mcotimc acid and are presumably 
able to synthesi 2 e it Dogs, gmnea-pigs and monkeys, on the other hand, require 
mcotiruc acid in the diet The only animal ivhich has hitherto been used for 
biological tests is the dog 

In the present mvestigation a study of nicotinic acid metabolism m the rabbit 
has been undertaken This v as felt to be of mterest smee (a) it would throw hght 
on the nicotmic acid requirements of this species and (h) migM suggest a techmque 
or the biological assay of mcotmic acid usmg the rabbit as the experimental 
animal In view of the cnticism by Dann [loc cit ) of the method Used for the 
ostunation of nicotmic acid m the experiments on the metabohsm of mcotimc acid 
referred to above (Shoune and Swammathan, loc cit ), a re-mvestigation of the 
cyanogen bromide method as apphed to urme has been undertaken 

Expesimentai, 

The work falls roughly under three heads first, a re-mvestigation of the 
cyanogea bromide method as appbed to urme , second, an mvestigation of the 
^i^'r^ble methods for the estimation of tngonellme m urme, and third, a study 
c the metabolism of mcotmic acid m rabbits 

SEcmoN A 

The cyanogen bromide method apphed to urine 

^ Since the pubhcation of the author’s method for urme (Swammathan, 1939) 
modifications have been desenbed by difierent workers {Hams and 

( 637 ) 
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Raymond, he. cit , Melmck and Field, 1940 , Bandier, 1939 , PerWeig, Levy and 
Sarett, 1940) These include the use of different reagents for the hydrolysis of 
mcotmjc acid derivatives into nicotinic acid and also for the decolonzation of the 
extracts, and the use of difierent aromatic amines in the coTorimetnc procedure 
The method used by the author in the rat experiments (Shoune and Swaminathan, 
foe cit ) has been criticized by Dann (foe cit ) as follows ' Charcoal was used 
in treatmg mine hydrolysates and extracts of sohd matter and the extracts were 
not fully decolorized before the Komg method was applied , each of these points 
means the mtroduction of senous error ’ These pomts have been repeatedly 
investigated m this Laboratory and the rehabihty of the^ techmque evolved 
compared with that of the methods suggested by other workers It has been 
shown that charcoal m an alkahne medium does not adsorb mcotimc acid from 
urine solutions, and that the presence of residual colourmg matter does not 
mterfere with the accuracy of the test when it is allowed for by ‘ blank ’ estima- 
tions under the conditions of the test as described The results of further 
experiments to substantiate these pomts are given ^ below — 

The method described previously by the author has been compared with that 
of Perlzw eig ei af (foe cit) The results obtamed by the two methods correspond 
well In trymg to apply the methods to rabbit urme, it was found that the 
prehmmary removal of interfermg substances by treatment of the urme with basic 
lead acetate was necessary, as otherwise the final extracts were deeply coloured 

Tieatment of unne mth lead acetate — The urme and W'ashings, equivalent to 
the weekly collection from 3 rabbits, were adjusted to pH 7 and treated with a 
shght excess of basic lead acetate to precipitate colouring matter, protem deriva- 
tives, etc , and the excess of lead was removed as the sulphate The extract, after 
bemg adjusted to pH 10 (usmg phenolphthalem as mternal mdicator), was 
evaporated to a small bulk (about 160 ml ) It was cooled, brought to pH 10 
and centrifuged The clear centrifugate was carefully separated, the residue wm 
washed once with 100 ml of N/IO NaOH and the washings added to the mam bulk 
The volume was made up to 420 ml , so that 20 ml of this extract represented the 
daily average urinary output of one rabbit The procedures of Swaminathan (1939) 
and Perlzv. eig et al [loc cit ) were then applied as described — 

Procedwe I (Method described by Swammathan shghtly modified) 

The authoi originally used 2 N NaOH for the hydrolysis of the nicotimc acid 
derivatives m urme and the duration of hydrolysis vaned from 1 to 3 hours Later 
mvestigations have shown that hydrolysis with N NaOH for a period of 30 minutes 
was sufficient for complete hydrolysis The modified method was as follows 

Four ml of 10 N NaOH and 16 ml of distiUed water were added to 
quantities of the extract prepared as described above The mixture was boiled 
for about 10 mmutes to decompose the urea and ammomum salts present and then 
heated m a boihng water-bath for 20 mmutes It was then cooled, first adjusted 
to pH 7 by the addition of glacial acetic acid and then made shghtly alkahne (N/20 
NaOH) by the addition of 0 4 ml of 10 N NaOH Nont charcoal (0 6 g ) was then 
added, the mixture heated m a water-bath with stimng for 10 mmutes and filtered 
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hot The filter-paper and charcoal ■were cashed three times ivith hot water (30 
c c m aU) The filtrate i\as adjusted to pH 7 and made up to volume (100 ml to 
200 ml , dependmg on the concentration of the nicotmic acid present) Ten-ml 
shquots were used for the colorimetric estimation of the mcotimc acid under the 
conditions described before (Swammathan, 1939) 

Procedure II (Method of Perlzweig et al slightly modified ) 

Twenty ml of concentrated HCl and 0 6 ml of concentrated HNO3 were added 
to 20 ml aliquots of the purified urme extracts m 200-ml Kjeldahl flasks The 
mixture was kept slowly bodmg for 1 hour, excessive evaporation bemg prevented 
by usmg a funnel It was then cooled, diluted to about 100 ml and shaken up 
successively with_two lots (30 ml each) of ether to remove ether-soluble pigments 
The mixed etheral layer was washed once with 30 ml ofw'ater The washings were 
added to the mam bulk of the extract The ether present dissolved m the aqueous 
extract was expelled by warrmng to 60°C The mcotimc acid m the extract was 
adsorbed on. two 1 5-g lots of Fuller’s earth by shakmg each time for 5 mmutes 
The activated earth was separated as usual on the centrifuge and washed once with 
50 ml of N/10 HCl It was then taken up m 60 ml of N/5 banum hydroxide, 
the mixture heated m a water-bath for 10 mmutes, cooled and centrifuged The 
eluate was separated and the residue m the centnfuge tube was re-eluted in the 
above manner using 30 ml of N/5 barium hydroxide After removmg the banum 
present m the eluate as the sulphate, the solution was adjusted to pH 7, filtered and 
made up to volume (100 ml to 200 ml dependmg on the amount of mcotimc acid 
present) The final extracts were less mtensely coloured than those obtained by 
procedure I The mcotmic acid m the extracts was estimated usmg aqueous 
amhne and metol, according to the colonmetnc procedures of the author and 
Ferkweig ei al respectively The results obtamed by applymg the two different 
procedures to the same samples of unne are showoi m Table I — 

Table I 


Comparison of values given by the methods of Suaimnathan (1939) 
(A) and of Perlzweig et al (1940) (B) 


Unne sample 
(representmg 
dafly excretion 
of one rabbit) 
number j 

1 

Amme used j 

1 

A 

(Procedure I) 

{/ig mootimo acid) 

i 

j B 

(Procedure II) 
(fig mcotmic 
acid) 

1 J 

i 

r 

1 

Aq amlxne 

i ' 

i 135 

128 

ll 

Jletol 

Deep brown interfering 
colonr 

122 

2 J 


Aq anilme j 

126 1 

122 

1 


Metol 1 

Deep brown mterfenng j 
colour ^ 

116 
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Table I — concH 


Unno sample 
(representing 
daily excretion 
of one rabbit) 
number 


3 


4 


Amiuc used 

A 

(Procedure J) 

(ng nicotinic acid) 

B 

(Procedure U) 
(pLg nicotinic 
acid) 

Aq audiue 

146 

428 

Sletol 

Deep brown colour 

436 

Aq amline . . 

682 

664 

Metol 

Deep-brown colour 

666 


Table I shows that when aniline was used as the aromatic arrune, the values 
obtamed by following the two procedures were the same "When metol was used 
in the extracts obtamed accordmg to procedure 11, the values were smular to those 
obtained with aniline Addition of metol to the urine eirtracts prepared according 
to procedure I resulted in the formation of deep-brown interfenng colours and 
colonmetnc comparison was not possible 

Effect of using different decolorizing agents and tlie i esidual colour present in tJic 
extract on the nicotinic acid values — The mvestigations described below brought 
out the foUowmg points (1) that charcoal and other decolonzmg agents do not 
adsorb mcotulic acid from urme extracts , (2) the residual colour present m the 
extracts does not mterfere when it is allow^ for as a blank under the conditions 
described by the author , and (3) side reactions of the aromatic ammes take 
place only when the test is performed usmg the a min e hydrochlorides or sulphites 
m acid medium 

Twenty-ml samples of concentrated urme eqmvalent to the daily output of 
mdividual rabbits receiving mcotmic acid were hydrolysed according to procedure 
I Decolonization was effected usmg the following reagents (1) charcoal ‘Nont’ , 
(2) charcoal ‘ Darco ’ , (3) zmc hydroxide , (4) lead hydroxide , and (6) by adsorp- 
tion of the mcotimc acid on Fuller’s earth and elution with banum hydroxide as 
under procedure II The final solutions were adjusted to pH 7 and each made 
up to 200 ml Ten-ml ahquots were used for the estimation of mcotmic acid usmg 
aqueous a ni l in e according to the author’s procedure The results are shown m 
Table n 

Similar values were obtamed for the mcotmic acid content of the same sample, 
irrespective of the decolonzmg agent employed and the amount of residual colour 
present, when the estimations were carried out m neutral aqueous medium usmg 
aqueous amhne 
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Table II 


Effect of using different decolorizing agents and the presence of residual 
colour on nicotinic acid values 


Decolorizing agent employed 

Solution 1 

i 

gi . 

“ o 1 

o S 

5 « 

eo_ 
o a-Q 

S>fiw 1 

1 

S C5 O 

Reading of tho un 
known, S D 

strength of unknown, 

ne 

T) 1 

c 

s 

tc 

s ^ 

P 

IS 
“ a 

j:; 

o « 

■ 

a 

^ ^ tc 

1 0^ 
g 0 's 


Test 1 

_ 1 

40 

22 2 

1 

i 

301 



Charcoal {font 

Anllme blank 1 

20 

37 6 

10 7 

264 

608 

. 

Dilution blank 

20 

S7 8 

1 

10 5 

26 6 j 

610 


Test 

40 

21 4 

1 

37 4 



Charcoal Darco 

Aniline blank 

20 

33 3 

121 

26 3 

600 


Dilution blank 

20 

33 0 

11 9 

26 6 

610 


1 

Test ] 

40 

238 

33 0 



Zino hydroiide at pH 9 

Aniline blank 

20 

43 6 

9 2 

24 4 

488 

> 

Dilution blank 

20 

43 9 

9 1 

24 6 

490 


" Test 

40 

23 4 

33 8 



hydroxide at pH 8 

Aniline blank 

20 

42 9 

93 

24 6 

490 

- 

i. Dilution blank 

20 

43 2 

93 

24 6 

490 


Test 

40 

2C5 

30 2 



Adsorption on FnUer’a earth ^ 

Anilme blank 

10 

41 2 

49 

26 3 

600 

and elution with Ba(OH), 




4 8 

26 4 

508 


DQution blank 

10 

41 b 





S D *= Scale divisiona 


Effect of using different amines under the conditions described y TnofLu-l. 

the nicotinic acid content of unne — ^Amlme, ^-naphthylanune, me . 

ftniTOoplieiiol sulptate) and p-ammoacetoplienone have been iwe as e 
^inine m the cyanogen bromide reaction by drSerent vrorkers (Svamma an, ’ 
Shaw and ilacdonald, 1938 , hlelmck and Field, loc cit , von Euler, bchlenk, 
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Heiwinkel and Hogberg, 1938 , Bandier and Hald, 1939 , Perlzweig et al , 
loc cit , Dann and Handler, 1941) Metol has been preferred to other aromatic 
amines by certam workers, as it gives a colour which is stable for long penods m 
the dark But it has the disadvantage of being an unstable amine, easily oxidized 
to coloured substances by exposure to hght or by mild oxidizmg agents In 
the present investigation, it was found that monomethylamhne, contaimng the same 
secondary ammo group as metol, gives a colour which is stable for long periods and 
IS less easily affected by light It is interesting to note that the two secondary ammes 
give stable colours, while the colours obtained with the primary aromatic ammes, 
VIZ anibne, ]3-naphthylanmie, and p-anunoacetophenone, are unstable Amhne 
has the advantage over other amines that it can be used as an aqueous solution 
in neutral medium, when the side reactions of the aromatic ammes do not 
take place The relative mtensity and stabibty of the colours obtamed with 
different amines under the conditions described by different workers are shown 
in the Graph The values obtained for the mcotmic acid content of the same 
imne sample, using different ammes according to different workers, are- given 
in Table III 

Table III shows that when aqueous amline is employed the values are the same 
irrespective of the method of hydrolysis and decolorization, and the ‘ amine blank ’ 
IS always the same as the ‘ dilution blank ’ But when the amme hydrochlonde or 
sulphate is employed, the value of the ‘ amine blank ’ is always greatef than the 
‘ dilution blank ’, showing that substances are present in urine extracts which reacf 
to form coloured complexes with the aromatic amines in acid medium These are 
to a great extent elimmated when the adsorption procedure is followed Even 
with extracts obtained by followmg the adsorption procedure, the value of the 
‘ amine blank ’ is appreciably greater than that of the ‘ dilution blank ’ TJnder 
these conditions, the mcotimc acid content of the urine sample under examination 
cannot be accurately calculated, as the side reactions of the aromatic amines 
complicate the value of the blanks The results support the conclusion reached 
before by the author (Swaminathan, 1941) that reliable results can most consistently 

be obtained when the test is performed m neuiial aqueous medium using aquemts 

amhne 

Estimation of mcotimc acid in the experimental diet and fceces — Smce the^amount 
of mcotmic acid present m the basal iet was too small for direct determination, 
the adsorption method descnbed under procedure II for urme was apphed to 
extracts of the diet prepared as descnbed below — 

Two hundred g of the finely powdered diet was extracted thrice with hot 1 per 
cent acetic acid instead of water as descnbed before (Swammathan, 1938), 600 ml 
of the solvent bemg used for each extraction The mixed extracts were evaporated 
to about 200 ml on a water-bath The protem denvatives were removed by preci- 
pitation with basic lead acetate and the excess of lead removed as sulphate The 
solution was then adjusted to pH 6 and evaporated to about 100 ml on a water- 
bath One-fourth of the volume of concentrated HCl was then added and the 
mixture heated in a water-bath for one hour to hydrolyse- mcotimc acid denvatives 
to mcotimc acid. 
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Time m mmates. 

under th? of standard nrcotinic acid vrete treated with the respective reagents 

®rtificial ° j described in the text and the colours obtained were compsued against an 
standard of 0 1 per cent potassmm femcyamde set at 10 scale dinaiona 
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2^ole — ^lonomethylatHline was used in the same concentration as metol The ‘ test ’ contained 10 o o of the unknoivn solution to he tested, 
together ivith the requisite amounts of oyanogen hromide and the amine solution The amme blank was ^epared m the same manner as the 
* test ’ , except that water was added instead of CNBr The ‘ dilution blank ’ contained water instead of CNlBr and the same quantity of acid as 
that present m the amino solution 
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The mixture Mas tlien neutralized and adjusted to pH 1 to 2 The nicotinic 
acid present was adsorbed on Fuller’s earth and eluted inth banum hydroxide and 
estimated bj the method adopted under procedure II for unne 

Faces — ^Tlie fmces were extracted in the same yav as the diet the rest of the 
piocedure being ns described under procedure II for urme 

Tissues — ^The simplified procedure recently described by the author for foods 
iras followed (Swaminnthan 1942) 


Section B 


Eslimahon of ingouelhnr id vnne faces and food 

Recently, two methods have been described for the estimation of trigonelhne 
w biological materials (Sarett, Perlzweig and Lewi’ 1940 , Melmck, Robinson and 
meld, 1940 , Kodicek and Wang, 1941) The method used by Sarett and his co- 
workers and Melmck et al involves the com ersion of tngonelhne to mcotmic acid m 
the presence of strong alkali and ammonia Accordmg to the former group of 
workers the percentage of trigonelline added to urine converted to mcotmic acid 
la 65 to (5, while the corresjiouduig figure put forward by the latter group is 28 to 
JO The method of Kodicek and Wang {loc cii ) is based on the obsenmtion that 
when tngoneUine is hydrolysed with alkali m alcohobc solutions, methylamme is 
put oS leaving the rmg open The resultmg product combines mth benzidine 
ivdrochlonde givmg an orange-red colour suitable for colorimetric estimation 
In the present mvestigation an attempt was made to determme the trigonelhne 
^ rabbit urme and faeces followmg the above two methods It was found 
at the recovery of tngonellme added to rabbit urme was of the order of 30 to 45 
^r cent when the method of Sarett et al with some shght modifications v as followed 
e recovery of tngonellme added to human urine vaned from 50 to 70 per cent 
e low recovery could not be improved by changmg the conditions of hydrolysis 
n the concentration of urea and ammomum salts Rehable results could not be 
° ined using the Klett colorimeter when the method of Kodicek and Wang 
^ apphed to rabbit urme and extracts of faeces, as certam interfermg 
j present produced an yellow to yellow-brown colour under the same 
tions, mterfermg m the colormietnc estimation of tngonellme Attempts 
th these interfermg substances have not so far proved successful Hence, 

e method of Sarett ei al Hoc ctf) was adopted for the determmation of tngonelhne 
in urme, fsaces and food ^ 

as — ^Unne was purified and hydrolysed with 6 N HCl HNO 3 mixture 

and under procedure 11 for the determination of mcotmic acid Faeces 

tim extracted and the extract hydrolysed as desenbed before for the 1 


! nico- 


j auu. iiue exiiraci 

if np estimations The solutions were then adjusted to pH 10 , evaporated 
ef ^ ■water-bath to a small bulk and made up to volume so that 10 ml 

e nal solution represented the daily urmary or fsecal output of one rabbit 

(oO ehquots of the acid-hydrolysed solution were taken m two test-tubes 

capacity) One g of urea and 10 ml of 12 K NaOH were then added to 

Jj IIR g 
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each tube One ml of a standard solution containing 100 fig of pure trigonelline 
was added to one of the test-tubes to find out the recovery of added tngonelhne 
The contents of the test-tubes were well mixed by means of a glass-rod, and 
the mixture heated m a water-bath mamtamed at 76°C to 80°C for 46 nunutes 
The solutions were then transferred mto small beakers and were adjusted to pH 
1 2 by the careful addition of concentrated HCl The subsequent mampulations 
were the same as those described under procedure II for the deternunation of 
mcotmic acid The mcotimc acid values obtamed m this analysis mclude the 
mcotmic acid present m 10 ml of the ongmal acid-hydrolysed extract plus the 
nicotmic acid formed from trigoneUme after hydrolysis with 6 N NaOH and urea 
Nicotmic acid present m 10 c c of the ongmal extract was determmed separately 
and the nicotmic acid formed from the trigonelline by treatment with 6 N NaOH 
and urea was obtained by difference The recovery of added tngonellme ranged 
from 36 to 46 per cent Hence, aU the values obtamed for the tngonelhne content 
were corrected usmg the correspondmg recovery values The values were finally 
multiphed by the factor 111 which represents the ratio of the molecular weights of 
tngonelhne (137) and mcotimc acid (123) 

Tngonellme present = 

1 11 X 100 X Nicotinio aoid formed from trigoneUm e by alkali urea treatment 
Per cent recovery of tngonellme added to the same 

The calculations are illustrated m Table IV — 


Table IV. 

The tngonelUm conle^U of labbtt iinne and the 'iecovery of added ingonelline 


(Figures represent the daily excretion per rabbit ) 


Urme 

sample 

number 

Nioottnio aoid found 

Nicotinic acid 
formed from 
trigoneUme, 
Mg - 

Recovery 
of added 
tngoneUine, 
per cent 

Trigonelline 
present, after 
correction for 
recovery, 

' Mg 

After hydrolysis 
With 7 N HCl, 

Mg 

After hydrolysis 
with 7 N HCl, 

' foUowed by 

! 0 N NaOH and 
urea, /ig 

1 

1 

120 

166 i 

36 

1 

36 

114 

2 

126 

162 

1 

1 

37 

40 

103 

3 

160 

178 

28 

42 

74 

4 

625 

716 

90 

39 

' 256 

5 

466 

525 

60 

38 

176 

6 

468 

1 

636 

67 

43 

174 
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Section C 

Experimental diete — Considerabl&iiifficultY was espenenced m devising a diet 
with a low nicotinic acid content, reasonably adequate as regards its content of 
other food factors, and at the same tune acceptable to rabbits The normal diet 
of rabbits contains large amounts of cellulose and they will not take a ^fmthetic 
diet based on purified protem, starch and fat of the t^e usually given to rats m 
vitanun experiments To overcome the difficulty of providmg cellulose, McCay 
(1929) suggested the use of regenerated cellulose, while Passmore (1936) used the 
commerciffi product ‘ Diaphene ' as a source of roughage 

The diets used m these experiments were partially ‘ synthetic ’, but the mam 
ingredient was extracted oats, which contains abundant cellulose The other 
ingredients were sugar, purified casern, whole imlk and a salt mixture Milk was 
included because it is a good source of the B 2 group of vitamins with the exception 
of nicotimc acid The composition of the diets was as follows (Table V) — 


Table V 


The composition of the diets 


i 

Ingredients j 

1 

Dun- I 

Diet 11 

1 Parts 

1 

Parts 

Extracted oats 


1 560 

460 

Sugar 

1 

100 

100 

Casein (purified) 

1 

1 

1 

100 

inik, whole, cow’s 


j SIO 

310 

Salt mixture 

1 

1 

1 

j 30 

30 


The extracted oats was prepared as follows Crushed oats (2 lb ) was added 
to water 10 htres and the mixture heated to boilmg with continuous stirrmg The 
boiling was continued for about 30 nunutes The mixture was cooled and the oats 
separated by strauung the water through a sieve It was then washed on the 
^re 4 to 6 tunes with cold water, usmg about 3 litres of water for each washmg 
the moist oats was squeezed out well and dried m the sun 

The mixed diets were penodically analysed for mcotuuc acid and found to 
contam on the average 70 /ig and 82 iig per 100 g respectively, 1 e then- content 
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of mcotmic acid was low Diet II differed from diet I only m the fact that 
100 parts of purified casein replaced 100 parts of extracted oats The animals 
consumed the diets readily 

Metabolism expenmenis — Two groups of 5 rabbits, with an average weight 
of about 1,200 g , were fed on diet I for a penod of 6 weeks, and a diet 11 
for an additional period of 4 weeks Three animals from each group (Nos 1 2 
and 3 from group I and Nos 6, 7 and 8 from group II) were placed in- 
dividually m metabohsm cages Each ammal in group 11 received daily in 
addition 3 mg of mcotmic acid given orally AH the amiiials were given 0 5 ml 
of shark-bver oil twice weekly to provide vitaimn A This amount supplied 
about 2,000 International umts of \utamm A The ammals were given a weighed 
amount of the diet and the food residue was collected and weighed to detenmne 
the food intake The intake of mcotmic acid was calculated from the food 
intake 

Collection of imne and faeces — ^Urme and foeces were collected daily To 
prevent decomposition of urine, 10 ml of 6 per cent acetic acid and 0 5 ml of 
toluene were placed in each flask used for the collection of urme The meta- 
bohsm cages were washed daily with small quantities of water and the washings 
added to the unne Urme and fseces were preserved m a refiigerator Nicotimc 
acid and tngonellme detemunations were made on the weekly collections The 
animals were weighed weekly 

The metabohsm data are given m Table VI Data regarding the nicotimc 
acid content of hver and muscle and the body-weights of rabbits are shown m 
Tables VTI and VIII respectively 

Intale and exoehon of mcotmic acid and ingoneUine — Tlie daily intake of 
mcotmic acid m rabbits fed on the diets low m mcotmic acid was on the 
average 97 micrograms (Table VI), the intake of tngonelhne being ml The 
total excretion of mcotmic acid and tngonelhne per rabbit m the urme and 
fceces was on the average 282 fig and 169 fig m the same ammals Excretion 
thus considerably exceeded mtake The animals recemng 3 mg of mcotmic 
acid daily excreted 678 fig and 136 fig of mcotmic acid in unne and fteces 
respectively , the correspondmg excretion of tngonelhne was 184 fig and 89 fig 
Hence about 20 per cent of the ingested mcotmic acid appeared m the urme, 
the ftecal excretion being of the same order as that of the group not receiving 
nicotimc acid The fate of the large portion of the mgested mcotmic acid not 
excreted m the form of mcotmic acid or tngonelhne is a problem for further 
investigation 

Nicotimc acid content of tissues — Only two lands of tissue, hver and muscle, 
were analysed The mcotmic acid content of the hver and muscle of animals fed 
on the unsupplemented diets (Table VII) was on the average 13 5 mg and 7 6 mg 
per 100 g respectiveh The correspondmg values for the tissues of ammals receiv- 
ing extra mcotmic acid were 13 8 mg and 7 7 mg per 100 g respectively, being 
approximately the same as those obtained in the case of ammals not recemng 
mcotimc acid 
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Table Vn 


Nicotimc acid content of liver and nmsde 


Babbit 

number 

4 

Diet 

Weight of 
liver, 
g 

Liver, 
mg /lOO g 

Muscle, 
mg /lOO g 

1 

Basal diet alone 

64 3 

13 1 

6 8 

2 

>> 

71 1 

13 4 

73 

3 

>> 

67 2 

1 

13 6 

78 

4 

it 

66 6 

13 2 

76 

6 

ft 

1 66 6 

' i 

14 3 

8 1 


Average 

66 3 

13 6 

r« 

75 

6 

1 

Basal diet + 3 mg 

64 6 

13 3 

71 


nicotimo aoid 




7 

tf 

72 6 

13 8 

76 

8 

ft 

63 8 

14 0 

8 0 

9 

ft 

1 

62 1 

14 2 

8 1 

10 

I 

60 2 

13 9 

78 


J Ai erage 

64 6 

13 8 

7 7 


Table VIII. 

Initial and final weight of rabbits {in 10 weeks period). 


Rabbit 

number 

1 

Diet 

Sev 

Imtial 

body weight, 
g 

1 

Fmal 

body-weight, 

e 

Difference m 
body weight, 
g 

1 

j Basal diet alone 

Male 

1,310 ! 

1,626 

216 

2 

1 

Male 

1,300 

1,606 

305 

3 

1 

1 

Male 

, 1.370 

' 1,640 

170 

4 

1 

Male 

( 

1 1,060 1 

[ 1,346 

295 

5 

t» 

1 

1 Female 

1 1,380 

1 

1 1,670 

1 

190 

1 


1 

1 

Average 

1 

' 1,282 

1,617 

1 236 
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Rabbit 

number 

Diet 

1 

1 

1 

Sov 1 

1 

Imtial 

body weight, 

e 

Fmal 

body weight, 
g 

Differonoo m 
body weight, 
g 

0 

Basal diet + 3 mg j 

Male 

1 360 

1,620 

170 


nicotinic acid 1 


1 

1 


7 


Male 

1,290 

1,426 

136 

8 

1 

Male 

1,220 

1,460 

230 

0 


Female 

! 1,170 

1,405 

235 

10 

»> 

Female 

1,120 

1,225 

106 



1 

, Average 

1 

1 1,230 

1,406 

176 


GMnges tn body-weight -TMe VH! sho^s the initial 
of the animals in tlie two groups AE the animals s owe ^ 

the erper^ental rem^g'^'ihe nieotim? acid supplement, 

development of pathological conditions m any of th 
good condition 


Discussion 

The results show that rabbits do not require an 
acid and that they are able to synthesize \t Simile o se^ Dann loc cU 
before m rats and sheep (Shoune and Swamumt^n, i,„„e lenorted 

Wmegar et al , loc cit) Recently, Pearson ® ’ 

studies on the metabohsm of mcotimc acid m ral^i P -gpQ,^g^ 

diet (based on maize) and a normal stock diet Pasmore [loc cit) has reported 

that rabbits can thrive well on diets devoid of vilainm J3i x 

It IS possible that only a part of the mcotimc acid contained m the faices was 
derived W mges^d ioi, the other part being produced 

a process anal^ous to the synthesis of other B vitamins in the rumen (Jl h y 
and Goss. 1939) 

StUBIABT 

1 An mvestigation of the cyanogen bromide methc^ as ^ 

been made Special attention has been paid to the ®2ec on , 

of usmg various decolorizing agents, the presence of resi ua c cVov.-n that 

differ^t aromatic ammes ™der difierent conditioi^ It has been shown that 

consistent results can be obtamed by carrying out the colour 

aqueous medium usmg aqueous anilme and the use of difieren e i ^ ^ 

aud the presence of residual colour does not afiect the i alues un er sue con ons 
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2 Nicotmic acid balance experiments were earned out on two groups 
of rabbits Both groups were fed on a diet low m nicotmic acid (70 pjg per 100 g ) 
for a penod of 10 weeks The animals m tbe second group received m addition 
3 mg of mcotimc acid daily 

3 Tbe average daily mtake of nicotmic acid m tbe ammals on tbe imsupple- 

mented diet was about 97 , wbde tbe daily average urmary and faecal excretion 

of mcotmic acid was 147 /xg and 136 /xg respectively, tbe excretion of tngonellme 
bemg 86 /xg and 83 /xg Tbe total excretion was 4 to 5 tunes tbe mtake Tbe 
animals wbicb received extra mcotimc acid excreted about 15 to 20 per cent of tbe 
mtake m tbe urme, tbe faecal excretion bemg approximately similar m both groups 

4 There was no appreciable difference m tbe mcotimc acid content of tbe 
liver and muscle of tbe animals fed on tbe supplemented and unsupplemented diets 
All tbe animals remamed m good bealtb and put on weight, irrespective of tbe 
mcotimc acid mtake 
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Extraction of oil from shark livers m India is no new question Work on 
the subject is indeed old, having been done for a number of years, but the question 
has been brought to the forefront by the stoppage of supphes of cod-hver od as the 
result of the war Quite a number of provinces m India have been engaged m the 
extraction of oil from shark hvers, but the credit for sustamed work on the problem, 
as well as its extraction on a commercial scale, goes to the Madras Eisbenes Depart- 
ment, which IS undoubtedly the pioneer m the field Extraction of oil from shark 
and saw-fish livers was imdertaken by the Department of Fisheries, Madras, m 
1934 and the results of its work were set forth m its annual reports 

Extraction of od both m Bombay and Bengal was ongmally, for experimental 
purposes, to obtam scientific data, the object being pnmardy scientific, viz to 
gauge the yield of od from hvers of vanous fishes and to determme their different 
vitanun A content Attention m Bengal was concentrated mainly on fresh-water 
fishes, such as ‘ rbhit ’, ‘ katla ’, ‘ mngal ’, ‘ cbital ’, ‘ slullang ’, etc Extraction of 
oil from the hvers of some of the manne teleoslcan fishes of Bombay, as also 
an analysis of the vitamin A content of these ods, was undertaken by Niyogi et al 
(1941), who employed the ether process for the extraction of od However, the 
smallness of hvers of fishes used by them, the consequent neghgible quantities of 
oils obtamed and the costhness of the process of extraction render the extraction 
of od from these fishes on a commercial scale an uneconomic proposition If the 
extraction of od on a commercial basis is to be paymg, it has to be procurable m 
gallons by easy and mexpensive methods 

It was with this object m view that the author concentrated his attention on 
cartdagmous fishes which attam considerable size and are fairly abundant along 
our coast Experiments showed that sharks and saw-fishes were undoubtedly 
the best for the extraction of od on a commercial scale These fishes possess 

( 653 ) 
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a number of outstandmg advantages Tbeix livers are large, extraction of oil 
from them is simple and mexpensive, and the yield comparatively copious 
Their hver ods are the cheapest source of vitamm A m concentrated form yet 
found 

Great variation was noticed m the vitamm A content of the hver The oil 
of the older sharks was observed to be superior, being richer m vitamm A content 
The yield trom females which were about to breed was low, but the proportion of 
vitamm A was higher Season was also noticed to have a marked efiect on the 
vitamm A content of oils 

Only the results of tests of the vitamm A content of the od from the hvers of 
sharks, skates and rays have been mcluded m the present paper There are several 
connected problems, and such aspects as have not yet been investigated with the 
fullness they deserve will form the subject of a separate paper The present paper, 
accordmgly, gives only a synopsis of the results m respect of vitamm A content of 
oils extracted from the vanous cartilaginous fishes' landed in Bombay 

Experimental 

Equipment — Steel drum used as water-bath, brazier, tinned copper contamer 
with hd (on the top of drum), mincmg machine, tin trays, alumimum pots, mugs, 
ladles, enamel buckets, tubs, vats, filter cloth, etc {see Plate XIII) 

Method of eo^traction — Fresh hvers were thoroughly washed free from adhermg 
dirt and blood and their gaU bladders removed They were mmced to a pulpy 
mass, which was then put mto a heavdy-tmned copper contamer with a 
quantity of warm water The contamer was imm ersed in a hot water-bath to 
cook the hver mass The contents of the contamer were thoroughly stirred from 
tune to tune to prevent the hver bemg overcooked, and care was taken not to raise 
the temperature of the mass beyond 70°C Gradually the oil floated to the top 
•and was carefully ladled ofi and collected separately The ladhng process was 
contmued until no more od floated to the top The od so obtamed was filtered 
free from any hver particles or tissue and then dehydrated with anhydrous sodium 
sulphate, the dehy^ation bemg allowed to continue for 24 hours, after which the 
clear supernatant od was decanted off and stored The oil thus obtamed was used 
for the vitamin A analysis 

Vitamin A assay — The assays were carried out on whole ods with the help 
of a Lovibond tmtometer, B D H pattern, the antimony tnchlonde method of 
Bosenheun and Drummond (1926) bemg used, as modified by Carr and Pnce (1926) 
and further standardized by Coward et al (1931) Artificial hght from a white hght 
cabinet was used throughout Od solutions were prepared by making 0 5 to a 
gramme of od to a known volume, m dry, re-distdled chloroform If 0 2 c c of this 
solution gave an mtense blue coloration with 2 c c of a saturated solution of 
antimony trichloride m chloroform, further ddutions of the origmal solution were so 
adjusted as to obtam a final solution 0 2 c c of which gave blue values between 4 
and 6 on the Lovibond scale Yellow and neutral glasses were frequently used 
to match the colour, but were ignored m the calculation of blue values 
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The Table gives the vitermn A values of bver oils extracted from a number 
of elasmoiranchs on separate occasions, together tnth their local and scientific names 
The maximum lengths of the fishes noted are also mcluded to give a rough idea of 
the sizes attamed by these fishes It may perhaps be pomted out that the figures 
for Carr-Pnce values mdicated m the aforesaid table are likely to be hirer than 
those that vould be obtained on the non-sapomfiable fractions of the oils by about 
1 6 tunes (Rajagopal, 1941) A possible reason for the lowering of these values 
is that, as stated by the same author, the ‘ inhibitors ’ present m the whole oil mask 
the intensity of the blue colour Another factor which also possibly contnbutes 
to the lowenng of the blue values of the whole oil is that whereas vitamm A 
usually occurs in the whole oil in the form of esters, it occurs as free alcohol 
m the non saponifiable fractions Several workers have observed that the 
esters of vitamm A give a less mtense colour with antimony tnchlonde than 
with free alcohol, although the biological activity of the former is higher than 
that of the latter 

The appended statement of ■vntamm values shows that sharks and rays found 
ID Bombay waters, except for Carchanas tncusjndatus, are generally rich m vitamm 
A content The shark, Carchannus indanoptems, locally known as ‘ Khada mushi ’, 
IS exceedmgly nch m vitamm A It grows to a good size, attainmg about 10 
feet in length and weighmg as much as 1,500 pounds The maximum recorded 
weight of hver of an mdividual of this species was 106 pounds Such livers 
generally yield from 60 to 70 per cent of oil This shark is fairly abundant 
^ong the West Coast and the extraction of oil from its bver on a commercial 
basis would be profitable The exceptional richness of the bver oil of this 
fish m respect of vitamm A may be gauged from the fact that one sample gave 
a Carr-Pnce value of 1,818 and another 1,229 Such oils can be regarded as 
concentrates of vitamm A Normal oil from this shark is of a lemon-yeUow 
colour, whereas exceptionaUy noh oil is high-coloured, being almost reddish- 
brown It wiU be noted from the statement that a very wide dispanty, 
exists m the results of tests of oil from diSerent mdividuals of CarcJmnnus 
indanoptems, the highest Carr-Pnce value obtamed bemg 1,818 and the lowest 
350 The wide variation seems to be due, as has abeady been noted above, 
to the sex and age of the mdivtdual, condition of the gonads, and the season 
of the year 

The Madras Fishenes Department holds the view that hammerhead sharks 
{Cestracion blochi and Cestracion zygceiia) ate the best m respect of the vitamm A 
content of then oil This view conflicts with my observation, as my mvestigations 
Aow that Carchannus mdanoptents has the nchest vitamm A bearmg oil The 
Bombay hammerhead shark, Cestracion zygmna, no doubt yields oil very nch m 
vitamin A, but this does not stand comparison with Carchannus melaiioplerus 
which has undoubtedly proved itself the prmce of dasmdbranchs m respect of the 
^perlative qnahty of its oil Cestracion zygwna yields oil very nch m ■vutamm 
A, but mdividuals of this type exceedmg six feet have rarely been caught m our 
waters Ifcs smaU hver does not yield more than 30 per cent of its weight of oil, 
hough the latter may be very nch 
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Waghbeer or Waghaheer Galeocerdo 13' 2' Pale yeUow 
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Garchariaa Iriciisptdatus 5' Almost colourless 
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Similar is the haniuierhead, Cestracion blochtt, the oil of which, though fairly 
good in ntamin A, cannot be regarded as verv rich A vanety of shark known as 
tiger shark or Waghbeer, Oaleocerdo tignmis, also attains a considerable size, 
reaching 13 feet in length and weighing nearly a ton Its hver, the largest 
of which examined weighed 150 pounds, yielded a percentage of oil from 60 
to 70 per cent These oils possess a fair content of ^ itamm A, but it cannot be 
considered high 

The hver oils from saw fish, Pnshs fCDoitett, are fairly nch in vitaimn A and 
the extraction of oil from them is economical since the fish attains a considerable 
size and has a large hver 

Livers from the ray Ehynchobatus djeddeusis, which is recorded as growing to 9 
feet m length, are too small to be of much value from a commercial point of view 
The same may be said of the sharks Carchaiiinis hmbaius and Carchannus pleuro- 
twnia and the ray Rhnoptera jaianica The shark Cmchauas tncuspxdatus seems 
to be an exception among the selachians m not possessing any vitamin A in its hver 
oil, which V as almost colourless Further investigation will be necessary to confirm 
whether this colourless feature of the oil is a regular specific charactenstic or not 
Generally, the mtensity of the colour of hver oils appears to vary directly with the 
intanun A content and this view supports Drummond and Hilditch’s (1930) 
observation that ‘ a yellow oil is probably ncher in \ntamin A than one pale m 
colour ’ provided precaution to remove all traces of liver tissue and accompanying 
enzymes is taken 
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Y'ltamin A Content of Livei Oils of Elasmobranclis 


Rosenheim and Deummond (1926) 

* Sheshan (194:0) 

* ‘ The Vitamin ’ 


♦ Wilkie, J B (1941) 


Biochem Jour, 19 , p 763 
Ind Jour Med Res , 27 , p 711 
A symposium under the auspices of the 
Gounod on Pharmacy and Chemistry and 
the Gounod on Poo^ of the American 
Medical Association (1939) 

‘ Physical and chemical determmation of 
vitamin A ’ Indnstr rf Enqiii Cliem 
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DENTAL CARIES IN CHILDREN IN MADRAS CITY 
IN RELATION TO ECONOMIC AND 
NUTRITIONAL STATUS 


BY 

K L SHOURIE. 

(From (he Nvtntion Researdi Laboratories, I R F A , Coonoor, S India ) 
j [Received for pubbcation, July 1, 1042] 

a previous paper (Shoune, 1941) the incidence of dental canes in 6,866 
children in vanous parts of India was recorded It was found that Indian chili’en 
in general show much less canes than children in Northern Europe and America, 
and that the consumption of diets which are very defective m comparison with 
generally accepted standards is compatible with relative freedom from canes The 
study of dental* canes in India has now been extended by the examination of 1,886 
children attendmg schools m Madras city The investigation was undertaken to 
throw hght on thfe foUoinng pomts — 

(a) The mcidence of canes in a fairly large group of nce-eatmg children ■» 
In the prcNuous mvestigation the majonty of children exammed were 
wheat- or millet-eaters 

(h) Whether economic status mfiuences the mcidence of caries 

(c) "Whether children who are m a poor state of nutrition, as shown by the 
presence of food deficiency diseases, are more prone to canes than 
children from such conditions 


Method of investioatiok, 

' Dus was the same as that followed m the earlier sunmy (Shoune, loc cit ) 
detailed dental inspection, m which aU the available tooth surfaces m the mouth 
lisuig a dental mirror and probe, was made m the case of each 
f 77 total number of teeth and the number of deciduous and permanent 
eth -were recorded All extracted teeth •v^ere recorded as canons except the 
iiegligible percentage known to have been lost as a result of trauma or extracted 

“R ( 561 ) 6 
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for some other reason In recordmg the extent of canes the classification of Day 
and Sedwick (1934) was employed — 

1 Imtial caries includmg softened or discoloured pits and fissures givmg 

lodgment to a fine explorer 

2 Freely accessible approximate cavities and small open cavities mvolvmg 

less than one-fourth of the -tooth 

3 More extensive canes mvolvmg more than one-fourth and less than 

two-thirds of the crown 


4 Caries mvolvmg from two-thirds to complete destruction of the crown 


The ‘ average caries figure ’ is 


total canes figure 
number of teeth exammed 


The ‘ total caries 


figure ’ IS calculated by multiply mg the numbers mcluded imder each degree of 
caries by 1, 2, 3 and 4 as the case may be 


Geoups studied 

Five schools were surveyed These mcluded two girls’ schools — a poor and a 
well-to-do — and 3 boys’ schools — a well-to-do, a middle-class and a poor school , It 
IS to be observed that the difierences m the social and economic status of the schools 
were not clear-cut The well-to-do and middle-class schools mcluded some poor 
children In a general way, however, the schools were differentiated as regards 
the economic status of the children This is confirmed by the fact that the mcid- 
ence of deficiency disease was neghgible m the well-to-do schools and highest 
m the poor schools 

Deficiency diseases — ^All children were exammed for Bitot’s spots, angular 
stomatitis and phrynoderma These conditions have been fully descnbed m 
previous pubhcations of the Laboratories (Aykroyd and Rajagopal, 1936 , Aykroyd 
and Krishnan, 1937) Long experience has shown that theu incidence in any group 
of children provides a reliable^ mdex of the state of nutrition of the group An 
individual child showmg one or other of the signs m question may be regarded as 
bemg m a poor state of nutrition This method of assessmg state of nutntion has 
been used by Wdson and Widdowson (1942) m an extensive survey of Indian 
children and a full discussion of the subject wfil be found m theu recent Memoir 

Diet — ^No diet surveys were earned out m connection with the present mvesti- 
gation, but the Laboratones possess abundant data, collected m numerous surveys, 
about typical South Indian diets as consumed by families of varymg economic 
status The relation between diet and the mcidence of deficiency diseases has also 
been extensively studied (e g Aykroyd and Knshnan, loc mt ) These diseases 
occur most commonly m mdividuals hvmg on a diet composed mamly of nee and 
contammg few supplementary foods It may be assumed that the diet of the poor 
children was m general of this nature The mam difference between the diet of 
children of superior econormc status and that of poor children is that the former 
mcludes foods other than nee — milk , pulses, vegetables and fniits — ^m greater 
quantities. ' , 
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Table I 
Groups slttdiecl 


Kamc of bcIiodI 

Xumber of 
children 

Economic 

status 

Percentage of 
children 
shoving 
deficiency 
disease 

1 Percentage 
free firom 
■ canes 

t 

Girls’ Bchool A 

: 1 

136 

Well to do 

All 

34 5 

Girls’ school B 

33S 1 

Poor 

6 2 

449 

Bovs’ school A 

527 

Well to do 

0 09 

404 

Bojs’ school B j 

672 

Jliddle class i 

1 87 

381 

Boys’ school C j 

313 1 

Poor 

16 2 

341 

1 

Total | 

1 

1,8S6 


All children 

39 8 

Delhi schools (boys 
and girls) 

1,074 

1 

»» 

39 7 


Eesotts 

Table I shows the percentage of children free from canes m the vanous schools 
and the percentage incidence of deficiency diseases The percentage free from 
canes m another urban area (Delhi) is also given No consistent difierences 
in the canes mcidence are brought out by this rough and ready method of com- 
panson The percentage free from canes was somewhat higher m the well-to-do ’ 
and nuddle-class boys than m the poor boys, but the girls showed a tendency m 
the opposite direction The average figure was similar to that given by a group 
mamly wheat-eatmg urban children m North India The previous mi estigation 
(ohoune, Joe oit ) suggested that the mcidence of caries is lower m rural than m 
^oan areas No large group of rural nce-eatmg children has as yet been surveyed 
nnt the Madras nce-eatmg children defimtely showed more canes than rural wheat- 
^tmg children The percentage free from canes m a wheat-eatmg rural area was 
oiind to be 64 (Shonne, Joe cit ) 

Tables n, m, IV and V provide details about the mcidence of canes m 
eciduous and permanent teeth m the vanous age groups The extent of canes 
according to the classification previously described is also given The significance 
difierences between the mcidence m the vanous age groupsun schools of difierent 
economic status and m children with and without deficiency diseases was deter- 
®ined was calculated by the help of a fourfold table, P = 0 05 bemg taken 
the conventional level of significance (Bradford Hill, 1937) 
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Incidence of dental canes in children showing and not showing signs of deficiency disease 
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Statistical analysis failed to reveal any consistent differences between tbe 
various economic groups Tbe well-to-do girls showed more canes in deciduous 
teeth at 10 years of age than the poor girls, but this tendency was reversed m the 
next age group (11) Again, as regards permanent teeth, significant differences 
were observed m only 3 age groups, one being m favour of the poor children, and 
the other two m favour of the well-to-do Among the boys, sig^cant differences 
were hkewise present m only a few age groups, and the same inconsistency as regards 
economic status was observed Where the differences were statistically significant 
according to the cntenon apphed, the level of significance was low It can, 
therefore, be assumed that economic status has little influence on the development 
of dental canes m Madras school children 

The mcidence of canes m deciduous teeth m the Madras children was higher 
than the average mcidence observed m the previous mvestigation The percentage 
of deciduous teeth showmg canes m Madras children was 23 7 , m the previous 
survey the correspondmg percentage was 10 8 The average canes figmes for 
deciduous teeth were 0 23 (Madras) and 0 50 (previous survey) respectively In 
the case of permanent teeth, the average canes figure for Madras children (0 08) 
was also higher than the figure for all children examined m the previous survey 
(0 06) The large number of children previously exammed (6,866) mcluded only 
a relatively small percentage of nce-eaters, more than half bemg rural children 
consuming wheat or millet It has previously been pomted out that the percentage 
of children free from caries was similar m the urban areas of Delhi and Madras 
The average canes figures were, however, slightly lower m the mamly wheat-eatmg 
Delhi children than m the Madras children, the figures for Delhi being 0 21 and 
0 06 respectively, as compared with 0 23 and 0 06 for Madras The results of the 
present investigation thus m general confirm the previous conclusions that ‘ urban 
children m all age groups show more caties than rural children ’ and that ‘ wheat- 
eaters have a shght advantage over rice-eaters ’ It is to be observed that the 
i^erm ‘ wheat ’, as used m this and the previous paper, means whole wheat, and 
not bread made from refined wheat flour 

The most unpoxtant pomt emergmg from the present investigation is the 
lack of correlation between state of nutrition and the mcidence of caries Deficiency 
diseases were more prevalent in the poor than m the middle-class schools, and intake 
of ‘ protective ’ foods, m India as m aU other countries, rises with economic status 
Nevertheless, the consumption of a better diet did not affect the caries mcidence 
Children actually suffering from deficiency diseases, and therefore well below the 
average as regards state of nutrition, showed no tendency to suffer more from canes 
than the other children Bitot’s spots and phrynoderma are associated with vita- 
mm A deficiency, and angular stomatitis with nboflavm deficiency It, therefore, 
follows that deficiency of these vitamins does not predispose to dental canes 

Osborne (1932) pomted out that the mcidence of canes is high in Australia, 
m spite of the fact that the population m general consumes a diet nch m vitamms 
Another Austrahan writer (Earnshaw, 1936) has^ however, presented statistical 
data m support of the view that caries is evidence of general mahiutntion There 
has been some tendency withm recent years to adopt this view m Amenca, a 
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tendeacy whicli is reflected m propaganda material issued by pubbc bealtb autbo- 
nhes in that country A collection of American posters and pamphlets concerned 
mth ‘ better teeth ’ is available in the Laboratories These m general teach the 
lesson that a diet containing abundant milk, vegetables, eggs, butter and fruit will 
ensure the development of good teeth and prevent their decay Observations m 
India suggest that such propaganda, while it is doubtless of value m educatmg the 
people' about diet, is not likely to prove a satisfactory weapon of attack against 
dental caries 

The relative freedom from caries of Indian children as compared with children 
in Northern Europe and America w as emphasised m the earlier paper The survey 
m Madras extends and confirms this obsen'ation, for w hich any satisfactory theory 
of the tetiologv of dental caries must account 


SUMMAKY 

1 The incidence of dental caries among 1,886 children m Madras city has 
been mvestigated The percentage free from canes was 39 8 

2 Economic status had no mfluence on the canes incidence 

3 Cbildrea with deficiency diseases did not show more canes than other 
children 
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IF\Ti:STIGATIONS INTO THE BIOLOGICAL VALUE 
OF IsULK PROTEINS 

Part II 


BY THE BALAHCB-SHEET METHOD* 


BY 

K MITRA, 


AND 


H 0 MITTRA 

(From the Nutnlion Scheme, Public Health Lahoratones, Bankipur, Patna ) 
[Eccoivcd for publication, July 1, 1942 ] 

Tntboddctjon 

In a previous cornmunication from this laboratory (Mitra and Mittra, 1942) 
the relative groivth-promoting properties of the protems of buffalo, covr and goat 3 
milks were estimated by the ‘ rat-groi\d;h ’ method In the present investigation 
an attempt has been made to estimate the biological value of the protem of aU the 
three milks by the ‘ balance-sheet ’ method The techmque of employing 'v^e 
rats for assaying the biological value of different edibles was first elaboratedby 
IhtcheU (1924) and later considerably modified by Chick el al (1935) This 
modified techmque, with shght alterations, has been followed 


Experimental. 

Six laboratory-bred white rats each weighmg 200 g to 250 g were used for each 
senes of observations The food and excreta of two rats (both males) were pooled 
together and each pair treated as one iimt Each group of six animals or 3 rat 
'mits was put on a mtrogen-free diet for a period of seven days and the excreta 


on maugural meeting of the Physiological Society of India (Patna Branch) 
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collected daily for the last half of the period (4 days) in order to estimate the 
endogenous mtrogen metabolism by means of analysis of the urme and fseces The 
mtrogen-free diet consisted of the followmg mgredients Pure sugar cubes, 90 g , 
corn starch, 735 g , coco-nut od, 130 g , McCollums salt mixture, 60 g , and calcium 
carbonate, 8 g The diet could not be ihade absolutely nitrogen-free as the starch 
used was found to contain 0 06 per cent of nitrogen The urme was collected daily 
in bottles cdhtaining 5 c c. of a 6 per cent solution of phenol and 1 c c of a 10 per 
cent solution of thymol to prevent any loss of free ammoma The feeces were dried 
on the water-oven, powdered and stored in a refrigerator The mtrogen content of 
ahquot portions of urme and faeces was estimated by the Kjeldahl method After a 
period of rest for one week (on the laboratory stock diet) the same groups of animals 
were placed on experimental or test diets for a period of 8 days The composition 
of the test diets with three different kmds of nulk at 10 and 16 per cent levels 
respectively is shown m Table I Fresh whole milk was added daily to the other 
comparatively stable mgredients of the food mixture in the way described m the 
previous commiimcation (Mitra and Mittra, loc cit ) Along with the mtrogen-free 
and experimental diets each of the ammals was given 3 drops of cod-hver oil and 
2 c c of a 1 per cent solution of Marmite daily as protection agamst vitamin 
deficiency 

Table I 

Coinposilion of test diets in grammes 


(Calorific value about 2,500 ) 



1 1 

1 Bvffax,o milk j 

1 ' 

1 

Cow SULK 

Goat sulk 

Items of food 

10 per cent ! 
level 

15 per cent 
level ! 

1 

j 10 per cent 
i level 

1 

16 per cent 
level 

10 per cent 
level 

16 per cent 
level 

Milk 

1 

1,908 

1 

2,885* 

1 

2,050 

3,040 

1,007 

2,500 

Com starch 

137 

130 

157 

05 

207 

127 

Sugar cubes 

64 

64 i 

1 

54 

40 

64 

64 

Coco nut oil 

Ntl 

Ntl 

1 17 

Nil 

25 

Ntl 

Salt mixture 

24 

24 

24 

24 

24 

2-1 

Calcium carbo 
nate 

6 

« ; 

1 

I 6 

0 

1 

0 

0 


* Partly Bkimuied to reduce the fat content from an average of 6 44 to 2 86 jicr cent 


During the last 4 days of the observation period with the different experimental 
diets the intake of nitrogen and its excretion through the feeces and urine were deter- 
mined and average intake and output of nitrogen per rat per day calculated {see 








unit number 
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Table 11) The daily excretion of foccal and urinary nitrogen per rat per day during 
the pre-experimental penod on the nitrogen-free diet is also shown m Table 11 
Owmg to the unavoidable presence of mtrogen m the (corn) starch used and also 
in the Marmite solution, the respective nulks were not the sole source of mtrogen 
in the test diets The non-milk quota of mtrogen, however, barely exceeded 
1 per cent of the total mtrogen supphed m the diet The mfluence of non-imlk 
mtrogen m the test diets can be safely ignored 

The formula! suggested by Chick et al fjoc cit ) for calculatmg the relative 
digestibihtv coefficient and relative biological value have been used m~ arriving 
at the respective figures (Table 11) The details of the formulae are not given here 
as they have been described twice"(Ba8u ct al , 1936 , Acharya et al , 1942) m this 
Journal within recent years 

Table n 


The average inlahe and output of nitrogen per rat per day in grammes 


NITROGEN-FREE DIET 

EXPERIMENTAL OR TEST DIET 


Diyfood 

intake, 

g 

NrrEOQEIT EXCRETED, 
0 

Dry food 
intake, 
g 

Total N 
intake, 
g 

Nitbooen excreted, 
0 

Relative 

digestibibty 

coefficient 

Fsaces, 

Urine 

1 

Fteoes Unae 



Relativ 

biologic: 

value 


10 for cent level 
Buffalo 


IB 

13 8 

0 0277 

0 0283 


0 2789 

0 0764 

0 1023 

82 8 

67 7 

2B ■ 

12-8 

0-0217 

0 0314 


0 2684 

0 0705 

0 1071 

81 7 

65 2 

SB 

142 

0 0300 

0 0322 


0 2739 

0 0809 

1 

0 1056 

814 

67 1 


Cow 


1C 

9-6 

0 0184 

1 

0 0320 

80 

01376 

0 0322 

0 0863 

900 

73 1 

2C 

t 

86 

0 0213 

0 0290 

11 3 

01994 

0-0614 

0 0600 

849 

81 7 

SC 

1 _ 

99 

0-0235 

0i)286 

94 

01686 

i 

0 0394 

0 0646 

900 

74 8 


J, HR 7 
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Table H—concld 


NirROGEN-PREE DIET 

1 

EXPERIMENTAL OR TEST DIET 

i 

Relative 

digestibdity 

ooeffioient 

1 

Relative 
biological 
value _ 

Dry food 
intake, 
g 

Nitbogkn exoeeted, 

G 

Dry food 
intake, 
g 

Total N 
intake, 
g 

Niteogen esobeted, 
0 

Effioes 

Dnne 

Faces 

/ 

1 

1 

Unne 

1 


Ooat 


IQ 

13 6 j 

0 0291 

0 0406 

9 1 

0 1749 

0 0443 j 

0 0952 

91 3 

65 7 

2Q 

13 6 

0 0246 

0 0448 

11 8 

0 2413 

0 0662 

0 0939 

82 8 

76 4 

3G 

13 1 

0 0269 

0 0331 

1 

12 6 

0 2650 

0 0720 

01126 

82 3 

621 


16 per cent level 
Bvffalo 


4B 

14 6 

0 0239 

0 0363 

13 0 

0 3271 

! 

0 0864 

0 1488 

80 9 

57 6 

1 

6B 

14 0 

0 0186 

1 

0 0318 

1 

93 

0 2217 

0 0676 

1 

0 1191 

1 

82 4 

62 2 

6B ' 

1 

13 9 

0 0226 

0 0349 

10 9 

0 2668 

0 0664 

0 1421 

83 9 

61 9 


Goto 


40 1 

10 2 

1 

0 0197 

0 0298 

9 9 

_ 0 2976 

0 0679 

0 1618 

87 2 

49 1 

60 

11 1 

1 

0 0230 

0 0302 

10 3 

0 3021 

0 0698 

0 1638 

87 8 

63 4 

60 

11 9 

0 0243 

0 0301 

10 3 

0 3006 

0 0686 

0 1602 

86 4 

49 3 

Ooat 

1 

4G ] 

1 

1 11 2 ' 

0 0274 

0 0386 ! 

12 2 

1 

0 3326 

0 0797 

0 1883 

84 3 

46 6 

6Q 

1 

11 9 

0 0250 

, 1 

0 0402 ; 

12 6 

0 3408 

0 0716 

0 1918 

86 4 

48 5 

OG 

12 9 1 

0 0274 

1 

1 0 0403 

12 6 

0 3416 j 

1 

0 0794 j 

0 1677 

84 8 

66 0 
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Discussiov 

Little or no difference could be found m the relative digestibility coefficient 
figures determined at 10 and 15 per cent le\ els of intake in the case of each of the 
milk proteins In comparing the milk proteins at the same level of intake cow 
m3k proteins gave the highest figure and buffalo milk protein the lowest, with 
the proteins of goat milk coming m between 


Kind of milk. 

KeUWTST; DIO'ESTIBmTT 

corrnciEwr 

1 • 

Relative biological 
VAL tTE 

1 

1 

10 per cent 

1 

15 per cent ■ 

1 

10 per cent | 

1 

16 per cent 

Buffalo 

S2 0 

i 

82 4 

1 

66 7 ' 

53 9 

Covr 

8S3 

86 8 

76 6 

60 6 

Goat 

85 6 

1 

I 

i 

86 2 

i 

67 7 

604 


In the case of biological value, however, the 16 per cept level of intake seems 
to he defimtely uneconomical as compared to that of 10 per cent m the case of all 
the three milks At a 10 per cent level of mtake the protein of cow milk seems to 
he snpenor to that of the buffalo or of the goat Mitchell (foe cit ) has reported 
the average biological v alue of whole milk to be 84 7 at a 10 per cent level of 
intake as compared to the average figure of 76 6 recorded in the present investi- 
gation (though one of the rat umts gave as high a figure as 81 7) In the present 
investigation the comparatively lower figures obtamed may have been due to the 
inferior quabty of milk used as compared to the milk used by Mitchell At the ^ 
10 per cent level of mtake, the proteins of goat milk gave a slightly higher figure 
as compared with those of buffalo milk One of tbe rat ixmts m the case of goat 
pnk gave the high figure of 75 4, while another gave the low figure of 62 1 
n the case of buffalo milk no deviation of such magmtude was observed 

At the 16 per cent level of mtake no appreciable difference was observed 
eWeen the three milks The results, however, were not tested statistically as 
^ h only 4 degrees of freedom the conclusions were not likely to he defimte 

STOaiAnY 

The digestibihty coefficient and biological value of the proteins of buffalo, cow 
nulks were determined by balance-sheet method at 10 and 16 per cent 
e a of intake Ho difference m digestibility was observed between 10 and 15 
per cent levels of protein mtake , m the case of all the three milks the proteins of 
mm^gave the highest figure for digestibility, with those of goat and buffalo 
Closely foUowmg^^ that order Lower fiiguies for biological value were 
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obtained at the 15 per cent level of intake than at the 10 per cent level ui the case 
of all the three milks At the 10 per cent level cow milk gave the higliest figure 
and no appreciable difference between the piotems of the other tivo kmds of indk 
was observed At the 15 per cent level, the diflference lietween the three were 
almost neghgilile 
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A DIET SURVEY OF NIZA]\IABAD DISTRICT IN H. E. H. 
THE NIZAAfS DOMNIONS. 


BY 

M B DAA^B, M B , B s (Bom ), fbp &sg,friph (Eng ), d p h (Eng ), 
Nutnlion Officer for H E H (he Nzzam’s State, 

AND 

S SHAFIUDDIN AHMED 


[Eaceived for publication, September 7, 1942 ] 

The present survey is a part of a public health scheme to find out the 
dietary habits of people and existmg deficiency diseases m Hyderabad State 
Knowledge of the composition of diets as regards both quantity and quahty is 
the foundation of the scheme which has as its ultimate object the improve-^ 
nient of the nutrition of the people 


Diet survey. 

Diet surveys were earned out m 147 famihes, consistmg of 784 persons, during 
the months of November and December 1941 Eamihes of cultivators, tradesmen, 
agncultural labourers and members of the depressed classes were chosen at 
random for the survey work 

The famihes are classified into groups according to their monthly income per 
man value (Table I) 

Groups I and H were poor famihes working as daily labourers The famihes 
m groups III and TV were small agncultunsts, imdertalong casual labour and 
trade m addition to agriculture, due to then- smaUness of holdings 
Groups V and VI consisted of agncultunsts dependmg on agnculture alone for 
then hvehhood 
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Table I 


Classijicatton of families 


Group 

Number 

of 

families 

Number 

of 

members 

Total 
adult 
man ’ 

value 

1 

Number 

of 

consump 
tionumts 1 
per 
family 

Monthly 
income 
per man 
value 

Average 

monthly 

income 

per 

family 

Remabks 





i 

1 

! 

Rs a p 

Rs a p 


I 1 

1 

26 1 

1 

91 

68 8 ' 

1 

27 ! 

! 

1 12 4 

4 14 0 

1 

Daily labourers 

II 

43 

212 

160 4 

3 7 

1 

1 

2 6 10 

8 13 4 

j 

9f >9 

ni 

60 

283 

1 

1 

210 3 

42 

i 

3 12 8 

1 

15 15 4 

Small agjrioultu 

nsts TTith casual 
labour 

IV 

1 

16 

1 

1 

S7 

I 

1 

60 8 

4 b 

1 6 10 0 

1 

1 

2() 6 4 

Agncultunst with 
casual - labour 
and trade 

V 

9 

* 61 

47 8 

6 3 

7 6 10 

1 

40 8 10 

Dependmg on agn 
culture only 

VI 

j 

7 

! 

60 

42 2 

GO 

9 10 J 

68 2 3 

»» yt 


Investigations of income and expenditure among villagers who do not receive 
regular wages are more difficult than similar inquiries made in towns or cities 
The mcome figures given should therefore he regarded as approximate The 
number of consumption umts per family steadily mcreased with increasing 
mcome, a fact of considerable mterest and importance A similar state of afiairs 
has been observed m other parts of India and has been commented on by 
Aykroyd (1941) 

The labourers did not always receive them wages m money but were given a 
certam quantity of gram also m payment for work 

Intake of proximate prmciples, minerals and vitamins was calculated from 
the tables of food values from the Health Bulletm No 23 (Aykroyd, 1941o) The 
family coefficients for calculatmg the man value of each family (i e the number of 
consumption umts which it contamed) were those suggested m Health Bulletm 
No 23 
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Results op investtoations 

Table H sbow^ the compositioE of tbe diets as regards foods — 

Table II 


Foodstuffs m ounces per consumption unit 





Group 

in 

Group 

IV 

Group 

V 

Group 

VI 

1 

Eice (home pounded) j 

1 

1 

1 

20 SO 

19 90 

16 90 

16 60 

20 60 

1100 

Rice (milled) 

1 

1 

1 

0 30 

0 30 

2 90 

1 90 

8 70 

Wheat 


0 01 


080 

016 

2 20 

Jawar 

140 

170 

4 40 

4 20 

3 90 

2 70 

Ragi 

0 01 

0 16 

0 10 




Maize 

0 90 

250 

3 SO 

160 


010 

Pnlees 

0 60 

0 60 

1 03 

2 10 

2 00 

200 

vegetables 

017 

0 08 

0 09 

0 08 

on 

0 03 

Non leafy ,, 

Prmts 

0 60 

0 70 

1 38 

1 30 

190 

2 70 

Ghee 



0 08 

016 

0 20 

040 

Vegetable oil 

010 

010 

0 27 

0 40 

040 

0 60 

Milk and milk products 

0 34 

2 40 

1 90 

2 80 

3 90 

410 

Meat, fish and egge 

0 30 

0 60 

0 20 

0 20 

010 

0 60 

Sugar 



017 

0 20 

0-25 

0 60 

Gondlmente 

120 

140 

180 

2 60 

130 

130 
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The mam cereals consumed by all- six groups were bome-pounded nee, 
]awar and maize The first three groups consumed ragi to some extent 
Groups IV, Y and VI took some wheat m addition to nee and ]awar Though 
most of the nee eaten was home-pounded, the fashion of takmg miUed nee u 
creeping in. 

Pulses and cereals were the chief source of protem m the diet, nulk, meat, 
fish and eggs bemg taken 'very sparmgly Fats were derived mostly from vegetable 
oils AH' the SIX groups used vegetable oil for cookmg The first three groups 
do not take any ghee at all The last three groups consumed some ghee, but its 
consumption was msignificant 

The mtake of leafy and non-leafy vegetables was low and was not influenced 
by economic status Fnuts were absent from the dietary 

Ninety-two families did not take milk In the higher-mcome groups some 
nidk was taken with tea 

Table III shows calorie mtake and the proportion of total calones supphed 
by protem, fat and carbohydrate — 

Table IU 


Caloite intake and distnbulion 


Group 

Total 

calones. 

Proteins 

Fats 

Carbo- 

hydrate 

Cereals 

Milk and milk 
products 

I 

2,640 

10 0 

1 

34 

82 2 

1 

90 0 

02 

n 


11 2 

42 

82 7 

04 0 

09 

111 


11 3 

08 

83 2 

87 0 

1 6 

IV 

3,130 

11 4 

86 

83 2 

83 7 

1 

26 

V 


11 1 

70 

83 7 

83 6 

33 

VI 

3,050 

11 6 

82 

843 

86 3 

36 


Table TV shows that protem mtake rose in aU six groups with increase in 
income but the percentage of calones obtained from protem was more or less the 
same in all groups _ 
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Table IV 


Average daAij TiUalc of mttnet>t<! fcr consumplion innt (grammes) 


( 

1 


Fats | 

1 

' i 

£ 

-a 

ts 

1 JZ. 

o 

e! 

1 ^ 

Calorics 

1 

SlmcRALs 


j 

VlTAMIHS 

Group 

Total 

Animal 

1 

1 1 
H 1 

Animal 

Calcium 

ac 

5 

O 

n 

O 

1 

Ca P ratio 

Iron, mg 

A, 

I U 

B,. i 

I u 1 

C, 

1 mg 

Average mtake for 
^ all groups 

I 

68 0 I 

2 1 

00 

03 ; 

! 

529 0 

t 

2,640 

1 

0 20 

1 

1 

1 64 i 

' 

1 

' I 

1 1 82 





u 


32 

12-0 

i 

OS 

672 0 

2,670 

0 22 1 

1 1 00 1 

1 90 

i 






22 

19 0 

28 

1 6320 

2,620 ' 

0 23 

1 

182 

1 66 


! 



n' 

i 87 0 

1 

36 

28 0 

73 

032 0 

3,130 

0 60 

1 92 

I 38 


i 

1 

! 

1 


V 


27 

26 0 

96 

1 

652 0 

3,190 

0 39 

200 

1 

j 1 6 1 



■ 


Y1 

86 0 

64 

27 0 ' 

66 

626 0 

3,060 

0 41 : 

■ 

2 24 ^ 

i 

1 1 64 



1 

• 


The percentage of calones obtained from fat vaned ivith mcome, the highest 
percentage bemg m the highest mcome gronp and lowest m group I The same was* 
true of carbohydrates The percentage of calones denved from cereals was high 
m all groups and in general vaned mversely with mcome , 

Intake of protem is shown m Table TV Total protem mtake was satisfactory, 
hut the amount of animal protem mcluded m the diet was small Most of the 
protem came from vegetable sources 

The consumption of total and ammal protem was higher m the supenor-mcome 
groups Fat mtake also vaned with mcome With a rise of mcome there was an 
J^ease m fat consumption, but this was low even m the higher-mcome groups 
ine improvement m diet and m the mtake of vanous constituents was not regtdar 
ofter the level attained by group IV is reached 

Calcium mtake was low m all the six groups and the calcium phosphorus ratio 
^as Unsatisfactory 

Iron mtake m all the groups ranged between 20 mg and 26 mg per head per 
as calculated on the basis of analyses given m Health Bulletm Iso 23 
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However, the iron content of vanons foodstufEs differs according to the nature of 
sod and climatic conditions , and the amount of physiologically avadable iron in 
various foods is not exactly knovm Hence it is difficult to say how far the diets 
were adequate as regards iron content It is said that ‘ if a diet contains protems, 
calcium, phosphorus and various vitamins m reasonably adequate amounts, its 
non content probably be adequate ’ The diet of all the groups was deficient 
in vitamms and calcium 

The diets of all the groups were deficient in vitaimn A and carotene, their 
values hardly reachmg 620 I U The B vitamms, calculated from Health BuUetm 
No 23, gave the average figure of 490 I U per head per day Most of vitanun B 
was obtamed from nee and little from pulses But the practice of washmg nee 
repeatedly and throwing away the ‘ kanji ’ must diminish the vitamm values 
Average figure for vitamin C consumption came to 26 mg per head per day But, 
with regard to vitanun C, calculated figures often mean very httle, smee vitamm C 
value of foods as consumed is strongly influenced by methods of preparation 


Food deeioienoy diseases 


Five hundred and twenty-seven persons out of 784 members of 149 famihes 
were examined for signs of deficiency diseases Xerosis of the conjunctiva was 
present m all the income groups and was most prevalent m groups 11, HI 
andV — 


Table V 


4 . 


Percentage incidence of deficiency diseases 


Group 

Number of 
subjects 
examined 

Xerosis 

Bitot’s 

spots 

Angular 

stomatitis 

Glossitis 

1 

00 

43 


14 

28 

11 

142 

[ 

84 


07 

70 

III 

210 

61 

14 

1 

1 9 

47 

IV 

53 

37 


1 

37 


V 

34 

88 



20 

VI 

1 

19 




• 
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Cases of angular stomatitis and glossitis were detected but not m large 
numbers 

One thousand five hundred and sc\ entj’ fii e boys from village schools m the 
area concerned were im estigated for deficiencv diseases The results are shown 
m Table — 


Tauli \1 

Percentage imidcncc of deficiency dibuiH’a in mIivoI cJnIdien 


Number of J 
8nb)cots i 
examined j 

[ 

1 

1 XLrO‘*I‘: 

( ' 

Bitot’s 

spots 

1 

Angidar 

stomatitis 

1,676 

7 1 

I 6 

17 0 G 


Here also the percentage mcideuce of xerosis was high, while that of Bitot’s 
spots and angular stomatitis was relatively less 

'Mottled enamel’ of the type associated with fluorosis was observed in 
43 boys Eight of these came from one village (Achampet) m which there 
were only two wells for drinking purposes The water from these wells was 
found to contam 1 6 parts per million of fluorine The extent of fluorosis in 
Hyderabad State is a problem for further investigation 

SxJMMABY 

1 A diet survey has been earned out m the Kizamabad distnct of Hyderabad 
The survey mcluded 147 famibes The families were divided into six income 
groups 

2 Intake of calones was satisfactory in all groups, but the diets were generally j 
deficient as regards their contents of animal protem, fat, calcium and vitamms A 
and C The quality of diet improved inth mcreasmg mcome 

3 The incidence of xerophthalmia evidence of ntamm A deficiency, was 
high 
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INFLUENCE OF THE ANTERIOR LOBE OF THE 
PITUITARY GLAND ON CALCIUIH 
JIETABOLISjM 

Part L 

CALCim BALANCE 


BY 


K N KRISHNAN, b a , 5i b , m sc 
{From the Department of Phtjmhgy, Madras Medical College) 


[Received for publication. May 30, 1942.] 

The observed effects of bypophysectomy and admuuBtration of antenor lobe 
extracts on groTrtb, and the marked skeletal changes m acromegaly and gigantism, 
mdicate a relationship between antenor pitnitary and calcium metabolism, 
rrevions work on the subject has consisted mostly of the mvestigation of changes 
in blood-calcium level, the results of which have been conflictmg and sometimes 
contradictory Mere blood-calcium estimations give no information m regard ^ 
to whether calcium is passing out mto the excretory channels or mto the bones 
(Bauer, Albright and Aub, 1929) Balance studies may be expected to yield more 
valuable and rehable information regarding any disturbance m the metabolism 
of any substance than analysis of its concentration m blood Previous work on 
ue influence of antenor pitmtary on calcium balance has been, however, meagre 
nq The earhest work was reported by Medigreceanu and KnsteUer 

( all) who found that calcium was retamed in acromegahes, but that nmnediately 
^nntment with antenor pituitary extract there was a loss of calcium 
h a nse in general metabolism Pugsley and Anderson (1934) state that 
P°P^ys®ntoniised rats on a low calcium diet showed a negative calcium balance 
ch became positive on the administration of growth hormone, this change occur- 
™g With the resumption of growth Struck and Szurek (1937), who noted mcrease 
^ weight of a dwrf under treatment with growth hormone, also studied calcium 


tilt ? thesa presented to the University of Madras vrhioh formed the basis of the aivard of 

oegree of Muster of Science 
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balance in tbe same patient and found that it was unchanged Teel and Cushing 
(1930), working on dogs, reported considerable increase in calcium excretion m the 
urme during the first few days following mjection of growth hormone to normal 
animals Actual determination of calcium balance does not appear to have been 
made Johnston and Maroney (1939) mvestigated mtrogen as well as calcium 
balances m a group of children, among whom were sis dwarfs and some normal 
children, who were given short-period treatments with ‘ Antmtrm Growth ’ In 
some cases they observed increased retention of calcium, m others no effect and m 
stiU others decreased retention 

In the present work calcium balance experiments were carried out on 32 albmo 
rats and 11 gumea-pigs, the preparation employed bemg ‘Antmtrm Growth’ made 
by Parke, Davis and Co The duration of the erpenments varied from 7 to 11 days, 
exceptmg m one case m which it was 18 days The dosage employed for albmo 
rats ranged from 02cc to06cc and for gumea-pigs from 06cc tolcc (Icc 
= 10 umts), admmistered daily mtrapentoneaUy, m progressively increasing 
amounts withm the limits mentioned The animals were especially bred for the 
purpose of this work so that smtable htter-mate pairs of known age, brought up 
under good dietetic and hygiemc conditions, were available when required The 
food given to stock ammals consisted of fresh cow miUc, Bengal gram soaked over- 
mght m water and green leaves of cauliflower and cabbage Durmg the expen- 
mental penod the diet consisted of fresh cow milk and Bengal gram (previously 
washed, dried and stored) soaked overmght m distilled water Tor the albmo 
rats another diet, richer m calcium, was also used m a few experiments, referred to 
hereafter as ‘ special diet ’ This is a modification of Dyer’s diet (Burn, 1937) and 
wasnnade up as follows — 


Bengal gram, powdered 

Grammes 

46 

Whole wheat, „ 

40 

Dned mflk (Klim) 

20 

Casern 

9 

Dned yeast 

5 

Calcium carbonate 

1 

Sodium chloride 

06 


These mgredients are very thoroughly mixed together and ground down into 
a paste with pulvis tragacanth co 16 g and warm ‘ ghee ’ 15 c c , with the help of 
a httle warm distilled water The resultant mass is non-sticky and can be rolled 
readily mto balls of convement size as required It can be stored m the refngerator 
where it keeps well for weeks The rats eat this diet very eagerly The gumea- 
pigs, however, would not touch it even if the alternative were starvation 

Metabolism cages 

These were of the usual pattern haiung a simple device for coUectmg urme and 
faeces separately and each havmg two food contamers with 2-mch flanges By the 
use of these contamers with somewhat high flanges scattenng of food was reduced 
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to a minimum and at tlie same time tlie animals liad no difficulty m eating or drink- 
mg out of them An additional food container was also provided m the case of rat 
expenments for the rat to sleep in, in the absence of which the rat is likely to lie 
down m one of the other food containers and vitiate the experiment by passmg 
urme and fteces in them 


Experimental procedure 

A pair of htter-mate animals of the same sex was selected, one to receive the 
hormone and the other as control, except in four rat experiments where the same 
animal was studied during two consecutive periods, first control and then 
experimental The animals were placed m their respective metabolism cages 
for a preliminary penod varying from 2 to 6 days so that they might become 
accustomed to the strange conditions The ammals w'ere then weighed and 
measured amounts of the food were placed m the contamers Milk was given m 
two instalments daily, each time just as much as the animal would drmk 
completely in a couple of hours 

On the first day mtrapentoneal injection of ‘ Antuitrm Growth ' was given to 
the experimental ammal, and the same quantity of re-distilled water to the control 
h^ext morning the quantity of food left behind m each of the two cages was deter- 
mmed, the fteces and urme collected, food contamers cleaned, fresh food put m and 
injections given The procedure was repeated daily till the end of the experunent 
The daily collection of faeces was dried m a hot-air-bath and stored The nime 
collected was added to the washings of the cage obtamed by spraying with acidulated 
distilled water (1 m 400 HCl) making a total volume of about 100 c c to 160 c c 
daily To this 5 c c of 1 m 4 HCl were added to dissolve the precipitated salts 
The fluid was then filtered and a further 5 c c of 1 m 4 HCl added, as the acid 
preserves the urme The procedure was repeated dadv and the flmd stored m a 
2-htre , bottle -> 

The food account of the last day of the experiment was taken m the evemng 
and not next morning as on other days, the animal hemg starved durmg the mterval, 
only distilled water bemg allowed, so that there was no food left behmd m the 
ahmentary tract at the end of the experunent next morning, when the fteces and 
nrme were collected as usual and the ammals weighed 


Caloium estimation 

The calcium content of the collected urme and fseces and the foods used was 
estimated nsmg standard methods of analysis In the case of the Bengal gram an 
estimation was done for each lot bought from the bazaar In the gumea-pig 
e^eriments analysis was done on the gram entire with husk, as these ammals eat 
the gram as well as the husk In the rat experiments the gram alone was analvsed 
rats do -not eat the husk With regard to mdk, only one analysis was earned 
out for each balance experiment as, throughout one experimental period, the imlk 
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used was invariably from the same cow milked under supervision and in whose 
food there was no material change during the penod 

Results oe investigation 

Albino rats — ^Table I gives the figures for total calcium mtake and calcium 
retention in 12 experiments in which litter-mates of the same sex were used as 
controls 

Table I 



* ^lean of the ages at the beginning and end of the e'cpenment 

t The excess calcinm retained by the treated animal expressed as a percentage of the amount 
retained by the control. 
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! 

0 D 
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105 

« 1 
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M^ean of the ages at the beginning and end of the espenment 

calcium retamed by the treated animal expressed as a percentage of the amount 
retamed by the controL ® 


^ of the 12 expenments the animals treated tilth ‘ Antmtrm Grotrth ’ 

re ained more calcium than the controls With regard to the experiment (rats 
(1 1^^ ^ ■which-such a result tras not obtamed, it may be mentioned that the 

and^tb intake of both these animals tvas higher than that of any other pair 

ah I- control 65 retamed far more calcium than the controls 71 and 73 of 

cu he same age, used m other experiments 

pen ^ experiments (rats 2, 3 and 6) the same rat vras studied during two 
P no , jiist the control period followed immediately by the experimental period 

^9 Mr q 
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In every case there was increased calcium retention dunng the experimental 
period {mde Table II) In one esjeriment (rat 7) both were control periods, 
no injections whatever being given in the first period and only injections of 
re-distiLled water in the succeeding period ^ The values of calcium retention 
remained practically the same during both periods 


Tabus: II. 

Qalcium intake and retention, the same rat being studied dunng 



* and t — Set under Table I 


Rats 2, 3 6 and 7 were litter-raates experimented on simultaneously The 
result obtained in the case of rat 7 clearly shows that the increased calcium 
retention by rats 2, 3 and 6 after treatment with ‘Antuitnn Growth’ was due to 
the hormone and not any other factor 

Table III gives the average values and the ranges of calcium retention, obtained 
m 16 out of 16 experiments, the experiment on rat 7 being omitted as liere both the 
periods were control periods 
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Table II J 

Aicragc lahies and ranges of cakiuiii retention 


Control rats 
^Jcpe^menlnl rat>( 


Rimrvnov rs mq rmt I Retention in ho per 
100 MO OF OAEOTOH 100 Q WEIGHT OP 

intake animal pee DAT 


Average 

Range 

Av erage 

Range 

32 

6 to 64 

7 0 

0 9 to 12 2 

48 

20 to 74 

10 4 

6 0 to 14 7 


The average value of calcium retention b} the rat treated with ‘ Antmtnn 
Growth ’ IS 50 per cent above that of tlie control The range of values, however, 
IS very wide both m the control and m the e-qieri mental animals That this does 
not take away the significance of these averages is clear from an examination of 
labl^es I and II In the first place the vnnations are due to a considerable extent, 
to the age differences of the animals and, secondly, m every expenment with but 
one exception, the rat treated with ‘ Antmtrm Growth ’ showed a higher positive 
calcium balance than its control 

mean ages of the rats vaned from 62 to 218 days and so included animals 
rapid stage of growth, a less rapid stage and the ‘ plateau ’ stage 
which IS reached at about the age of 160 days It will be seen from Tables I and 
that there is a general tendency for calcium retention to fall with mcreasmg 
nge m both the control and the treated animals If the excess letention by the 
^ted animal, per 100 rag of calcium mtake, is expressed as a percentage of the 
^ control, it tendsj'o be generally higher the older the animal, suggest- 

lug hat m the older ammal the stimulus offered by the mjected ‘ Antmtrm Growth ’ 
generally tends to produce a greater retention relatively to that of the control, than 
ui the case of younger animals 

of mjection varied from 7 to 11 days except m one expenment 
differences m duration withm these ranges did not 
resiOf^'^f calcium retention to any appreciable extent This is evident when the 
with c^enments on rats 36 and 36 with a duration of 18 days, are compared 

nrap +1 ^ ^ duration of 9 days, the ages of both pairs bemg 

and same The value for calcium retention per 100 mg of calcium mtake 

excess retention percentage do not show any marked vanations 

„„„ Ibe animal does not appear to have affected calcium retention m 

any notable manner 

those^*^^^^ calomm mtake of the rata varied froih 22 mg to 31 mg m the case of 
those h°^ consisted of Bengal gram and nulk, and from 31 mg to 58 mg m 

effppt ^ gi'^en the special diet These variations did not exert any notable 

on the percentage of calcium retamed 
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A reduction in faecal calcium m the rat treated with, ‘ Antuitnn Growth ’ wag 
a consistent feature in all cases where the calcium retention of the treated rat was 
higher than that of the control It will be seen from Table IV that m 14 experi- 
ments on rats, out of a total of 16, faecal calcium in the treated rat was lower than m 
the control In 10 of these, the reduction was considerable, the increased retention 
bemg largely attributable to this factor That this low faecal calcium plays an 
important part mraismg calcium retention is indicated by the results of experiments 
on rats 21 and 23 and 71 and 70 {mde Tables I and IV) In both these expenments, 
in spite of a considerably lower calcium' mtake, the treated animal retamed much 
more calcium than the control, the faecal calcium bemg very much lower 

Table IV 


Average daily calcium intaJce and exertion 
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Although a larger calcium intake is not the chief factor responsible for the 
increased calcium retention, it is a fact that in most of the experiments the rat treated 
vnth ‘ Antuitnn Groirth ’ had a higher calcium intake than the control "Where the 
treated rat was hcaMer than the contiol, an increased calcium mtake is readily 
explained bx the greater food intake of a sturdier auimal There are, however, 
SIX cases in the series (tide Table V) m which the treated animal was less heavy 
than the control, in none of which was the calcium intake of the treated ammal 
appreciably less than that of the control On the other hand, m four of these 
cases the calcium intake was lugher 


Tablf V 


Calcium intalx in six experiments where the control rat was heavier 


Identification 
nnmber of rat 

C= control 

1 E=o'cpen 
mental 

Weight is o 

Beginning of ' End of 

experiment , experiment 

Total caloium 
intake m mg 

1 

63 

1 

1 

C 

1 

123 

137 


246 

64 

1 E 

1 

j 118 

136 


249 

36 

i c 

! 169 

188 


658 

35 

1 

E 

i 

165 

188 


668 

62 

; c 

1 

146 

166 


367 

63 

, E 

142 

156 

1 


380 

50 

i 

’ C 

i 192 

199 1 

1 


448 

51 

1 

E 

1 

j 188 

198 


463 

65 

! C ' 

1 

201 

1 

224 1 


638 

64 

E ' 

194 ' 

226 j 

1 1 


667 

73 


143 

1 

1 i 


307 

72 

E 

1 

131 1 

1 

145 


306 
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Tlie results of balance experiments on rats 73 and 72 bave a special interest 
in view of tbe very bigli excess retention percentage of tbe treated animal, namely 
580 imde Table I) The rats of litter ‘ 0 of which 71 and 70, 73 and 72 have been 
used in this work, were small animals as can be seen on a comparison with 
rats 65 and 61 of litter ‘N’ {vide Table VI) Eat 72 vas particularly small 
Injections of ‘ Antmtrm Growth ’ appear to have stimulated the dormant growth 
of rat 72 to an extraoidinary degree as mdicated by the very large value obtamed 
for the excess retention percentage, the previous retarded grmrth bemg presumably 
due to a deficiency of the ‘ Giowth ’ hormone This result is in confoirmty viththe 
observation of Johnston and Maroney (/oc cii ) that in the field of hormones ‘ an 
effect vnU be conditioned by the presence or absence of a defect ’ They observed 
that children who are pituitary dwarfs show mcreased retention of nitrogen and 
calcium on aduumstration of ‘ Growth ’ hormQne 


Table VI 


Litter 

1 

Number 1 

Sev 

1 

C=oontrol 
E= expen 
mental 

Ago in days 

1 

1 

Weight m g 

N 

1 

65 ! 

M 

C 

203 

224 

N 

1 

i 04 1 

1 

1^1 1 

' 15 

1 

203 ^ 

22b 

i 

0 ' 

71 1 

M 

0 

200 

189 

0 

70 


' i 

209 

186 

0 

73 j 

1 

1 

: F 

1 t: 

21 \ 

1 

143 

() 

1 

72 ^ 

i 

F 

1 


' 21 J 

131 

1 

1 


Guinea-pigs 

Six experiments nere carried out on gmnea-pigs m which 11 ammals were used, 
6 experimental and 6 control The animals were all young bemg between 57 
and 127 days old The duration of experuhents varied from 8 to 11 days In 
1 experiments ‘ Antmtrm Growth ^ mjections caused increased calcium retention 
The excess retention percentage varied from 23 to 30 with an average of 28 For a 
similar age group in albmo rats comprising 11 experiments the values for excess 
retention percentage varied from 22 to 111 with an average of 50 No conclusions 
can, however, be drawn regardmg the relative responses of these kinds of animals 
as the number of gmnea-pig experiments has been small 



K y Ku^shnan 


699 


In 2 out of 6 expcrunents, ‘ Autnitrm Gro’U'th ’ injections did not produce 
inireased calcium retention In both, the treated anmial had definitely lost 
weight diinng the period of in\ estigation, whereas in all other cases the weight had 
increased These two experiments suggest that a normal state of nutrition is 
essential for ‘ Antmtrm Growth ’ injections to cause mcreased calcium retention 
The loss of M eight as apparently due to the solitary life m the metabohsm cages, 
the anunals diffcrmg in their reactions to thi-* new environment Gmnea-pigs 
usualli take a longer time to adjust themseh es to the strange mode of life m the 
cages than albmo rats Some of them never attam their normal food mtake, 
many such ammals having been rejected after trial In one of the 4 experiments 
which gave positive results 3 litter-raate giunea-pigs were used, two males and one 
female, one male bemg the control and the other two experimental animals The 
results (vide Table VII) mcbcate that male and female ginnea-pigs, under identical 
conditions, do not e-^hibit anj differences m their response to ‘ Antmtnn Growth ’ 
mjections 


Table VII 


Calcium tntale and retention in 3 htter-mate guxnea-jngs 


Litter 

Identi 

I fication 
' number 

Sex 

i 

0= control 
E:=exi)en 
mental 

Mean age 
m days 

Total 
caldnm 
mtake 
m mg 

OaLOIUM BETEimOK m UQ 

1 

TotaL 

Per 100 
mg 

intake 

Excess 
retention, 
per cent 

n 

1 

18 

r“ 

i 

C 

123 

1 705 

1 ! 

30S 

44 

1 

VI 

17 

1 1 

1 M i 

1 

E ! 

123 

727 

1 404 

1 

1 o6 

27 

AI 

10 

1 ^ i 
1 ! 

' E 

123 

1 

720 

' 1 

416 1 

1 

I 57 

30 


Excretion of calcium by albino rats and guinea-pigs — In all the experiments 
on albmo rats, with one exception (rats 66 and 64), in cvhich the treated amnia 1 
did not show increased calcium retention, the amount of ftecal calcium of the treated 
i^t was less than that of the control (Table IV) The nrmary calcium, on the other 
hand, did not show any constant or marked change In most cases it was shghtlj 
increased m the treated animals, while m other cases there was either no change 
or even a decrease The reduction of calcium m the fseces accounts for the increased 
calcium retention by the treated anunals As the important channel of calcium 
excretion is the large bow el, it is, of course, not possible to say whether the reduction 
m ftecal calcium is brought about by mcreased absorption from, or diminished 
excretion mto, the bowel 
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Gtmiea-pigs differ from albino rats in tlie relative amounts of calcium present 
normally m freces and urine In tbe control animals the ratio between faecal and 
urmary calcium was approximately 2 to 3 m the case of gmnea-pigs and 8 to 1 m 
the case of rats [mde Table VIII) Thus, although in the case of gumea-pigs a very 
much smaller fraction of the total calcium is normally found m the faeces, the 
mcreased calcium retention is stdl accounted for, to a large extent, by dimmished 
faecal calcium 


Table YHI 


Daily f cecal and urinary calcium in rats and guinea-pigs 



Rats 

Gotnea-pigs 

- 

Control 
(17 animals) 

Treated 
(16 animals) 

‘Control 
(6 animals) 

Treated 
(6 ammals) 

Daily average frecal oaloium of an 
ainmal m mg 

20 1 

16 2 i 

18 0 

13 2 

Daily average urinary calcium of an 
animal in mg 

26 

1 

1 

28 

27 2 

264 


Summary and oonclusionb 

1 The effects of the growth hormone of the anterior pituitary on calcium 
metabobsm were investigated The preparation used was ‘ Antuitrm Growth ’ 
made by Parke, Davis & Co 

2 Calcium-balance experiments, using litter-mate controls of the same sex, 
were carried out on 32 albino rats (15 experimental and 17 control) and 11 gumea- 
pigs (6 experimental and 6 control) for periods rangmg from 7 to 18 days Daily 
mtraperitoneal in]ection5 of ‘ Antmtnn Growth ’ were given to experimental 
ammals and re-^stiUed water to controls The calcium content of the food, faeces 
and urme was estimated m all cases 

3 In aU the experimental rats, with the exception of one, the calcium 
retention m the treated animal was considerably more than that m the control, 
the average value bemg 60 per cent above In 4 out of 6 experiments on 
guinea-pigs the average value was 27 per cent above that of the control The two 
guinea-pigs that did not give such a response lost weight in the course of the 
experiment 

4 There appears to be a general tendency for calcium retention to dimmish 
isuth age in both treated and control rats On the other hand, the excess retention 
percentage (the excess calcium retained by the treated animal expressed as a percen- 
tage of the amount retamed by the control) tends to mcrease with age, within the 
age limits (57 and 218 davs) of the albino rats used in this work 
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5 The fascal calcium ■was siguificantlv low m the treated ammals as compared 
with the respective controls The unnari calcium did not show anv marked or 
constant difierences 

G The dur ition of mjections within the linut-' of 7 and 18 days, sex difFereuces, 
and the variations iii the daily calcium intake do not appear to have influenced 
calcium retention to any appreciable extent 

AcKN OWLEDGIIEXTS 

It IS a pleasure to record my thanks to Professor B T Knshnan, Head of the 
Department of Physiology Jladras Jledical College, for suggesting this mvestigation 
and for his guidance and help in the conduct of this work, and also to Professor 
K Tenkatachalam PiUai, Research Officer m Pharmacology, and to hir A H 
Eatnaginswaran, Research Chemist, for placmg the facilities of then laboratory 
at mv disposal and for their mterest and encouragement throughout this work 
I also desire to express my thanks to JTessrs Parke, Davis & Co for their 
prompt deliveries of the hormone ‘ Antmtnn Gro-wth ’ when required and for 
supplymg voluntarily, free of cost, several tubes of this expensive hormone m 
the initial phases of this work 


REFLBEiNCES 

Batce, ■R' , Albeiout, F, and Aob, Jour CUn Inval , 7, p 75 
J C (1929) 

Bctes, J H (1937) ‘ Biological standardization p 128 

JoHS'sio>, J A*, and JIabosti , J 'O' Jour Endoenn , 25, v 199 
(1939) 

^Iedigeeceasi'', F , and Kbistelgeb, Jovf Biol Ch^m , 9, p 109 
L (1911) 

Fccslet, L, S , and Amjebsov, E 'U -Imcr Jour Phjsiol , 109, p 85 
(1934) 

StsrcK, H C, and Sziteek, S A Jour Endoertn , advance ab»tTact, 

_ (1937) 21, 3Iarch 

Tbbl, H 31 , and CvsHi>c, H (1930) Jour Endoenn , 14, p 157 




Ind Jour Med llc^ , 30, 1, October, 1912 


ON SEEmi PHOSPHATASE 

Part I 

the SERLII PHOSPHATASi: IX PULMOXHn TLBEKCULOSIS AKD 
THE EFFECT OF IXGESTIOX OF ^ IT VHIX C UPOX IT 
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{F rom the Department of Medtcal Gheimstry, Prince of Wales’ Medical College, 

Patna ) 


[Received for pnbbcation May 20, 1042 ] 

Since Robison (1923) observed the hydiolysiB of calcinm and baniun hexo’- 
semonophosphates by emnlsin, the theory of the mechanism of calcification has 
had a different onentation In the new scheme, mamly developed by the Robison 
school, phosphatases play an important role If we consider the phosphatase 
distnbution m adiUt tissues and body fluids, we find that blood has a very low 
phosphatase value (Kay 1932) The phosphatase in erythrocytes appears to be 
<hfierent from the phosphatase of plasma or serum In any disease m which there 
IS lesion, with consequent breakdown of any tissue with higher phosphatase, the 
plasma or serum phosphatase value is mcreased Kay (1930) found that m a large 
number of bone, thyroid and renal diseases, the plasma phosphatase is considerably 
^creased High plasma or serum phosphatase is usually found m rickets, hyper- 
thyroidism and Paget’s disease (Kay, 1932 , Bodansky and Jaffe, 1934) In rickets 
serum-phosphatase estimation has been reported to be a better criterion of the 
seventy of the disease and the course of heahng than the estimation of ‘serum 
Mlcium or phosphorus (Bodansky and Jaffe, 1934o , Andersen, 1935) Roberts 
V t)-3) first observed an increase m the serum-phosphatase value m obstructive 
jaundice This has smee been confirmed by Armstrong, King and Haras (1934), 

( 603 ) 
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On Serum Phosplicdase. 


Bodanslcy and Jafie (1934b) , Green, Shattuck and Kuplowitz (1934) Higk semm- 
pKosphatase activity is usually found in diseases wkeie there is consideiable disorder 
in calcification (Albright, Aub and Bauer, 1934 , Gutman, Swenson and Parsons, 
1934) Blood-pbospbatase activity is raised in osteoblastic type of osteogemc 
sarcoma (Frauseen and Mclean, 1935) Morris and Peden (1937) have determined 
the serum-phospbatase value m a number of bone diseases They are of opmion 
that by itself the deteruunation of phosphatase is of little diagnostic or prognostic 
value They opme, however, that in conjunction with clmical, radiological and 
biochemical findings it may yield considerable assistance in diagnosis Repeated 
determinations may give valuable ideas about the efficiency of treatment m some 
bone diseases Gutman and Gutman (1938) foimd increased ‘ acid ’ serum phospha- 
tase m metastasizing carcmoma of the prostate Albers (1938) also found increased 
serum phosphatase m cancer with metastasis MuUer (1938) obtained similar 
results He also found increased ‘ alkalme ’ phosphatase m Paget’s disease Be 
and Cayal (1939) reported increased blood ^phosphatase in pregnancy Iwatsuru 
and Nanja (1939) found mcreased serum phosphatase in myeloid leukemia 

It IS expected that in pulmonary tuberculosis with parenchymatous lesions 
where there is serious disturbance in calcium metabolism, the serum phosphatase 
should be increased 

In the course of an investigation on the therapeutic value of vitamin C in 
pulmonary tuberculosis, it was thought desirable to find out the phosphatase 
activity of serum m this disease and to compare it with normal values Koldajew 
and Altschuber (1933) found a small mcrease m ‘ blood ’ phosphatase m tuberculosis 
in man It was also the object of the mvestigation to inquire mto the effect of the 
administration of comparatively large doses of vitamm C, on the serum-phosphatase 
activity m pulmonary tuberculosis 


< Experimental 

We have followed Bodansky’s (1932, 1933, 1937) method foi determmation 
of the serum phosphatase Patients with pulmonary tuberculosis m the general and 
isolation wards of the Patna Medical College Hospital were selected lor the phos- 
phatase study Normal persons of about equal social status were taken as controls 
V enous blood was drawn with a sterile dry syxmge and quickly transferred to a sterile 
tube and set for separation of the serum After the serum had separated, it was 
transferred to a stenie centrifuge tube and centrifuged at 3,000 revolutions per 
mmute for 16 mmutes The clear serum free from blood corpuscles was then 
carefully pipetted mto another clear sterile tube and the phosphatase activity 
estin^ted The time taken between the drawmg of blood and mcubation of the 
serum Nvith the substrate was in no case more than one hour and m all the 
determmations about an equal time was taken 

The patients were divided mto two groups One group received no additional 
mtammC and served as controls The other group received orally 200 mg to260_mg 
•\ntamm C dailv m the form of 10 g of sun-dned pulp of Indian gooseberry 
[PhyJlanthus embltca) The oral admimstration of the additional vitamm C was 
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continued for ten coii'iecutvvc c^a^s The snme diet and medical treatment 
were gi\en to hoth groups After this ten dii period the serum-phosphatase 
ictivitics of the controls and of those recen mg additional vitamm C were 
agaui determined Ml the cases were miles except one m the pulmonary 
tuberculosis group i\ho iras a female 


Eesuits 

From Table I it will be obserxed that noriml serum-phosphatase actmtv is 
Wet than the serum-phosphatase nctmti m pulmonary tuberculosis 


T^vble I 

Scrum plto<<pltatasc in noimal nudes and in male patients 
suffennq from pulmonary tuberculosis 


Normac 


Ptrmo>AST 

TtraERCULOSlS 


Sennl 


nnmbor 

i 

Ago 

Phosphatnso | 
units 

Ago 

JPhosphatase 

nnits 

1 

1 ! 

22 

i 

2 28 

24 

1 66 

2 1 

24 

1 00 

30 

2 36 

a 1 

30 

2 44 1 

20 

4 96 

4 1 

36 

1 08 

20 

1 72 

O 

36 

0 68 

20 

1 58 

(i 

20 , 

2 10 

*26 

244 

7 , 

27 1 

0 80 

36 

3 16 

® i 

35 

2 64 

30 

7 64 

9 1 



26 

2 38 

10 ! 


i 

40 

644 

11 



18 

4 08 

12 1 



20 

9 96 

13 ; 



32 

1 7 08 

14 1 


1 

35 

644 

16 1 

1 

1 

36 

1 480 

16 ' 

1 


30 

3 08 

17 1 

1 

1 

26 

1 6 28 

18 


1 

26 

1 384 

19 1 


i 

24 

1 132 

20 



22 

3 84 

21 . 


1 

18 

2 88 

22 1 


\ 

20 

2 66 

23 1 

1 

1 

\ 


\ 

1 

19 

1 00 

1 


1 


Mean 1 63 


3-96 


I 


Female 
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Both the average phosphatase activity and the range are higher in the case of 
pulmonary tuberculosis patients Average normal semm-phosphatase activity is 
1 63 umts, the range of activity being 0 68 to 2 64 units The corresponclmg figures 
for pulmonary tuberculosis patients are 3 96 units and 1 32 to 9 96 umts 


Statistical analysts of the above results 

Difference between the two means = 2 33 

Standard error of difference = 0 64 

t =4 31 

The probability of obtaming such a value of i by chance alone is less than one 
m 370 Thus, it is very unlikely that the order of the magmtude of the serum- 
phosphatase values observed m normals and m pulmonary tuberculosis should 
occur as a matter of chance Therefore, serum phosphatase is significantly higher 
in pulmonary tuberculosis than in normals 

Oral administration of 200 mg to 260 mg of vitamin C m the form of 
Phyllanthus etiMiea powder had a decided action m lowermg the serum-phosphatase 
activity of pulmonary tuberculosis patients as compared to the serum-phosphatase 
activity of controls receiving no additional vitamin C (Tables II and fll) — 


Table II 


Seitim phosphatase in coiHroh 


Number 

1 

Age 

Phosphatase uotts 

Before 

expenraent 

After 

10 days 

1 

30 

3 08 

3 64 

2 

20 

4 90 

6 04 


20 

1 72 

4 20 

4 : 

18 

1 66 

2 28 

6 

26 

244 

4 50 

6 

36 

3 16 

1 

1 62 

7 

19 

1 60 

2 48 

1 

!Mean | 

1 

2 04 

1 

3 40 
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Tabhe IIT 

Serum phosjyJmtasc m yuhnomry iubercitlosis -pattmts 
on vjiaimn C supplement 


Number 

Age 

Phospiutake Tcnrs 

1 

Before 

crpenment 

1 

After 

10 days 

1 

25 

6 23 1 

104 

O 

24 

1 32 

i 1 

4 28 

3 

i 

; 22 

1 

384 

1 00 

4 

18 

2 88 

188 

6 

20 

2 68 

3 82 

6 

1 

28 

2 38 

1 00 

7 

18 

4 88 

1 0 92 

8 

20 

9 98 

216 

8 

32 

7 68 

9 36 

10 

36 

644 

1 40 

11 

36 

4 80 

1 76 

12 

30 

784 

2 66 

13 

30 

2 36 ^ 

1-08 

14 

24 

166 

162 

Mean 

4 63 

2 40 
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After this ten-day period the serum-phosphatase activity m the controls was 
lower in only one case (14 3 per cent) and mcreased in all the other cases 
(85 7 per cent). The average value rose from 2 64 umts to 3 40' umts^ In 
pulmonary tuberculosis, on the other hand, the phosphatase activity was 
lower in ten cases (71 4 per cent) and mcreased only in three cases (21 4 per 
cent) , while m one it was” at the previous level The average value fell from 
4 53 umts to 2 41 umts Thus, in pulmonary tuberculosis patients receivmg 
from 200 mg to 250 mg additional vitamin C, there was an appreciable 
drop in the serum-phosphatase activity m most of the cases whilst the reverse 
was the case m the controls 


Statistical analysis of Table III 

Difference of the two means = 2 13 

Standard error of difference = 0 89 

t =2 40 


The probabibty of obtaimng such a value of t by chance alone is 
less than five in a hundred - Thus there is a sigmficant fall in the serum- 
phosphatase value in pulmonary tuberculosis after the administration of 
200 mg to 250 mg of vitamm C 


Discussion, 

We can now say that seium-phosphatase activity of patients suftering from 
pulmonary tuberculosis is generally higher than that of normals although some of 
the values obtained approach the normal values What is of greater sigmficauce 
13 the fact that the comparatively high serum-phosphatase value in pulmonary 
^tuberculosis is considerably lowered by oral administration of 200 mg to 250 mg 
vitamin C given as dried Phyllanthns emblica pulp Apparently, this lowermg of 
serum phosphatase is due to the vitamm C content of the powder There is 
evidence to bebeve that this action of the vitamm C may be re-mforced by some 
other constituents of Phyllanthvs emblica, possibly vitamm P We do not consider 
that this lowered phosphatase activity is due to the mactivation of phosphatase 
by a vitamin C copper complex Any such action would be counteracted by the 
presence m blood of glutathione and other sulphydnl compounds {cf Giri, 1938) 
An increase in plasma ascorbic acid would neither activate nor retard serum 
phosphatase actmty (cf " King and Delory, 1938, Thannhauser, Hiechel and 
Grattan, 1938) 

A large mcrease in phosphate ions would tend to inactivate serum 
phosphatase but no such mcrease of phosphate ions may be expected by the 
daily adnumstration of 10 g of the powder Sirmlarly, an mcrease m calcium 
ions would lower the phosphatase activity but such a probabihty may also be 
discounted 
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The lowered scruin-plio';plintase acti\ is due to the beneficial action of the 
large doses of \ itainm C supplemented iij the probable action of vitamm P*, on 
the tuberculosis patients Scoz, Cattanco and Gobriclh (1937) have reported that 
m vitamm C deficient giunea-pigs, an increased intake of the vitamin results m 
a decrease of blood phosphatasS v ith an increase m bone phosphatase We maj 
presume that a similar action takes place in the tuberculosis patients also If tbe 
adnumstration of large doses of iitanim C does increase the bone phosphatase 
this would mean a great boon to the tuberculosis patients The bone phosphatase 
is an important link in calcification and increase of bone phosphatase m tuber- 
culosis patients woidd result in smaller decalcification n hich would be a consider- 
able gam to tuberculosis patients 

Xot only would serum-phosphatase determinations be of help, along with 
other laboratory findings, m tlie diagnosis of tuberculosis but these determmations 
at regular intenals ■nould certainly give, m conjunction inth the usual laboratory 
tests a \aluablc idea of the prognosis of the disease 

SuMMAR\ 

Serum phosphatase m pulmonary tuberculosis is generally higher than of 
normals 

Oral adnumstration of large doses of natural ntarmn C lowers the serum 
phosphatase of pulmonary tuberculosis patients 
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OJf THE SUITABILITY OP THE GUINEA-PIG METHOD 
OP DIGITALIS ASSAY IN INDIA 

BY 

B. C BOSE, 


AND 


B MUKEEJI 

(From the Biochemical Sfandardizaiton Laboratory, Government of India, 

Kasauh/Oalculta ) 


[Beoeived for pnblloation, September 11, 1042 ] 

SmoE the earliest days of biological standardization, the assay of the digitalis 
poup of drugs has offered considerable difficulties Various methods, such as 
^frog method’ of Houghton (1896), ‘ pigeon-emesis method’ of Hanzbk (1929), 
dog method ’ ongmally described by Bichaud (1914), ‘ cat method ’ of Hatcher 
and Brody (1910) and ‘ gumea-pig method ’ of Knaffl-Lenz (1926) have been 
employed by vanous workers m different coimtnes, but comparable results were 
^dom obtamable even under the best of laboratory conditions In 1916, U S P 
K first recognized officially the biological assay method for digitabs and accepted 
the one-hour frog method ’ as the standard method for companson of all unknown 
preparations of digitabs At the Edmbnrgh Conference held m 1924 under the 
enspices of the Health Committee of the League of Nations, the ‘ four-hour frog 
method ’ and the ‘ cat method ’ of Hatcher and Brody {loc cit ), as modified by 
ftofessor Magnus of Utrecht, were recommended for adoption The B P 1932 
as recommended three methods for official adoption (1) ‘ twelve-hour-lethal- 
niehhod ’ , (2) modified ‘ cat method ’ and (3) ‘ guinea-pig method ’ 
introduced by Professor Tiffeneau of Pans 

of (1926) pomted out that it was difficult to get a smtable species 

^og at all seasons of the year m India The most easQy available species 
B IS Bufo melanoslicus, on which digitalis produces unrehable results 

esides, the seasonal vanation m the sensitiveness of these frogs was foimd to be 
sn h marked than what has generally been reported in the literature with 

cn species of frogs as liana temporana or Sana pipiens The ‘ frog method ’ was 

( 611 ) 
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thcrcloic oonsidcrrrl uusnilablc foi roiil.iuc asbay work al lliis Lakoialory, albliougli 
Bliatia aud Lai (1934) more recently reported on the suitability of tins metliod 
m India 

The ‘ cat method ’ of the B P 1932 has been generally considered the method 
of choice in the Biochemical Standardization Laboratory and has recently been 
adopted for inclusion m the U S P XII (1942) The ' gmnea-pig method ’ 
of assay, however, has seldom been used outside France In Anew of the easy 
availability of guinea-pigs at all times of the year and in view of its cheapness 
compared to cats, winch, as is well knowii, camiot be bred satisfactorily m 
captivity, it was considered worth while to investigate the possibihties of its 
adoption as a routine method of standardization in Indian laboratories The 
present papei embodies the findings of this investigation 


FxPERIMliNTAL DETAILS 

Expeiiments weie performed midcr standard conditions in order to elmiiiiate all 
extraneous factors capable of vitiating the result Guinea-pigs were aniestheti/ed 
with mtrapentoneal urethane (25 per cent solution, 1 8 g /kg body-w^eight doses, 
three hours before the experiment started) and maintained at for tlie 

duration of the perfusion Healthy male ammals were used from the stock of 
the Central Research Institute, Kasauli, and their weight kept withm the range 
of 600 g to 800 g The diluted tincture was perfused through one of the jugular 
veins at a uniform rate of 0 6 c c per nimute and the cardiac effect examined by 
palpation over the thoracic wall Within 8 to 11 minutes of perfusion when the 
apex beat ceased to be palpable, a fine needle was introduced into the pomt of 
the heart and its movements further observed through oscillations of the needle 
With the onset of fibrillation, the flow was reduced to 0 25 c c per minute aud this 
ivas fiuther reduced to 0 1 c c per minute when the heart became mtermittent 
< The perfusion was continued till complete cessation of all cardiac pulsations 
Neither artificial respuation nor blood pressure record was maintained By this 
simple procedure, the different phases of digitahs action could be observed and the 
end-point accurately deterimned 

The standard tmcture was prepared with dehydrated alcohol by continuous 
Soxhlet extraction for 6 hours from the International digitabs powder of 1936 
containing 1 umt per 80 mg of powder The stock tmcture was adjusted to 
contain per cubic centimetre 1 unit of digitalis activity in 70 per cent alcohoB 
(this being also the concentration of alcohol in commercial samples of tincture 
of digitalis), and stored at 0°C during the entue period of mvestigation Tlie 
tmcture was further diluted to 1 in 8 with normal sahne before use (representmg 
thereby 0 125 umt per cubic centimetre) and perfused at body temperature 
The whole senes of tests were terminated withm a week of the preparation 
of the tmcture 


* The B P process for the preparation of tho tmottire from the International standard digitalis 
powder gives it an alcohol concentration of about 60 per cent only 
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TABi.r I 


Slmcivq results of continuous mini juijuhtr perfusion 
of standnrd digilnhs (tiiclure (I in 8) 
on 30 ginnca-pigs 


Guintn pig, 
mnlc 

1 

\\ eight, j 
P 

Qunntitv 
pcrfu'CfJ 
c c 

Lethal dose 
jicr Lg CO 

Lquu alcn 
units 

1 

o 

3 

4 

6 

1 

725 

6 00 

9 10 

1 13 

2 

705 

0 10 

8 66 

1 08 

3 1 

735 

0 60 

S 97 

1 12 

4 1 

005 

0 10 

9 17 

1 14 

6 

720 

0 70 

9 30 

116 

0 

710 

0 40 

9 01 

1 12 

7 

700 

0 30 

9 00 

1 12 

8 

755 

0 80 

900 

112 

<) 

740 1 

OGO 

8 91 

1 11 

10 

075 1 

COO 

8 88 

1 11 

n 

705 1 

7 30 

9 18 

1 14 

12 

700 

7 00 

8 80 

1 10 

13 

730 

i COO 

9 04 

1 13 

14 

020 

5 60 

9 03 

1 12 

15 1 

710 

7 00 

0 85 

1-23 

10 ' 

080 

G60 

9 55 

1 19 

17 

008 

' 6 80 

8 08 

1 08 

18 

006 

1 680 

8 72 

1 09 

19 

(.59 

6 80 

880 

1 10 

20 

022 

1 0 00 

904 

1 20 

21 

800 

1 G 90 

8 62 

1 07 

22 

778 

1 0 60 , 

8 35 

1 04 

23 

750 

C30 ' 

840 

1 05 

24 

760 

7 00 ' 

9 33 

1 16 

25 

716 

GOO 1 

9 23 

1 16 

2C 

713 

0 30 

8 83 

1 10 

27 

700 

0 60 

942 

1 17 

28 

723 

6 80 

9 40 

1 17 

29 

603 

0 60 

0-95 

1 24 

30 

670 

6 16 

9 17 

1 14 

Jlean letW 

1 dose 9 O' 

7 0 c./kg 

1 Mean unitagt 

) 1 129 

Standard deviation* 

= ± 0 381 

1 

1 Standard errorf = ± 0 ( 

* Calculated from the formula, <T — 1 ^ 

t Calculated from tlie formula, e — ^ 

n-lj 
hd' \ 
n(n~l)) 
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In Table II, tbe vanous lethal doses have been gtbuped into different 
ranges The percentage frequency of mortahty for each range of doses has 
also been Worked out and integrated 

Table II. 

Showing tihe percentage frequency and integrated percentage frequency 
according to different lethal dose range 


Lethal dose 
range In o o 

Number of 
animal 
killed 

1 

Percentage 

mortah^ 

frequency 

Percentage 

mortalify 

frequency 

mtegrated 

1 

2 

3 

1 

4 

8 36—8 60 

1 

2 

6 6 

6 6 

8 60—8 66 

2 

6 6 

13 2 

8 66—8 80 

4 

10 0 

23 2 

8 80—8 96 

4 

13 2 

30 4 

8 96—9 10 

7 

233 

i 

69 7 

9 10—9 26 

4 

1 13 2 

1 

72 9 

i 

9 25—9 40 

i 3 


82 9 

9 40—9 66 

1 

2 

6 0 

89 6 

9 66—9 70 

1 ' 

3 3 j 

92 8 

9 70—9 86 

1 1 

33 

96 1 

9 86—10 00 

1 

3*3 

99 4 









B. C Bose a7id B Bhtlerjz 


616 


The results m the first two columns of Table IT have been reproduced m 
Graph 1 The number of animals hilled by each range of dose has been plotted 
as ordmates, and the lethal-doses range known by their standard deviation 
percentages as abscissas In spite of the relatively small number of ammals used 
for this study, it iviU be observed that the chart resembles that of Behrens 
(1929) obtamed with strophanthin on frogs 



Percentage deviation. 

Qeaph 1 Frequency distnbution chart Each pillar represente the 
effect of one range of doses, the distribution of which has been calculated 
from the percentages of the standard deviation from the mean lethal 
dose, 0 




Graph 2, a dose-mortabty curve has been constructed with the figures 
p ® lutegrated mortahty frequency as ordmates and the standard deviation 
centages of the doses as abscissas The curve is steeper m the zone of the 
|j lethal dose, and has a much lesser spread than similar curves obtamed 
5^0 jj (1927) With digitalis on frogs and by Behrens {ho cit ) with 
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Dose. Percentage deviation. 


Geaph 2 Dose mortabty omve Construoted with the inte- 
grated mortnhty frequency as ordinates h D ^ has been given 
the value 0 in the graph Below, effect of lower doses , above, that 
of higher doses 


Discussion 

A critical study of the Knaffl-Lenz method for the assay of digitalis based on 30 
eTperiments ou guinea-pigs has been made in the present paper A frequency 
distribution chart and a dose-mortality curve have been worked olit from these 
results They closely resemble those of Trevan {loc cit ) for strophanthm in 
frogs The mean lethal dose of 9 07 c c /kg body-weight of animal represent- 
ing 1 129 umts of digitalis activity compares favourably with the figure 
17 98 c c /kg representmg 1 123 units, obtained in the same Laboratory in a 
preiaous series of observations on 20 cats but the standard deviation figure 
in guinea-pig3 is defimtely siipenor to that in cats (± 0 381 in place of ± 1 80) 



B C. Bose and B MiAaji 


617 


^nd tlie nccunc} of the mein nlso i*? pre'xtcr These results do not appear to 
corrobonte the findiii'is of Gage (193 1) who worlaug nth the old digitahs 
standard of 1926 on 1 1 gninea-])igs found i mean lethal dose of 12 40 c c /kg 
bod) -weight of aniinil The rci«on for this dilTerence is not clear Gage, 
howeaer, used iircthnne siibcutaiieoiish and cinplorcrl artifiiml respiration m his 
expenments Mlvctlicr these ha\c sjaivirH int[\ altered his ni 1 d figures or not 
IS not possible to state 


Advantages of the ginma-pig method of assay — Special ad\ intages of the guinea- 
pig method arc in the smiplicit\ and npiditr of the technique The dissection of 
the jugular %em and (he introduction of (he cenous < minila are extremely easy 
procedures The most inijiortant thing for the experimenter is to keep a strict 
witch mer the rate of flow of tincture of digitalis x\ Inch cm easily be done with the 
help of a capillary tube introduced into the perfusion burette According to our 
expenence, any irregularitx in the flow of the perfusate is usualh attended with 
'anable results The determination of the end-point b\ opening the thoracic 
canty as usually recommended, is not neccssirx The use of a needle for the same 
purpose IS much simpler and axoids the possibiiitx while opemng the thorax, of 
ginng an artificial stimulation to the heart muscle, which may vitiate the accurate 
determination of the end-point 


The method is also very quick, and a complete experiment including both 
dissection and perfusion does not usually take more than 20 mmiites This is a 
leal ndxantage, as by injecting urethane intraperitoneally to diSerent animals at 
intenals of 20 imnutes, one can easily perform from 8 to 10 experiments a day 
This IS not the case with tlic ‘ cat method ’ where hardly more than 2 experiments 
are practicable m a day Hence experiments have to be spread over a number of 
days before a report can be given on a sample Jloreover, unlike cats, gmnea- 
pigs are ideal laboratory ammals which can easd) be bred under controlled 

conditions 


One cnticism that can however, be made against the method is the failurei 
la recording the systolic pressure of the animal during perfusion and consequent 
inability to study the cardiox ascular effect of digitalis along with its toxicit)' 
nis can be done, if necessary by devismg a narrow -bore manometer but is 
considered superfluous by tbe authors as the palpator)' method gives all the 
necessary information required for an accurate assay of digitalis 


COXCLXJSIONS 

1 simple method for the assay of digitalis m gumea-pigs has been 
esenbed The mid of International standard digitabs tmetuxe in a senes 

and found to be 9 07 c c ±0 381 From the dose-mort^ty cun e 

depend distribution chart it appears that the method gives very 

2 In view of the easy availability, cheapness and the possibih(y of breeding 

i' all biological hboratones, the method should be suitable for routine 

nm ori examination of samples of tmeture digitalis 
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FAETITION OF PHOSPHOEUS IN MA3BIALIAN BRAINS 


BY 

N L LAHIEY, 

P R. VENKATAEAJSM, 
C P ANAM’AKRISHNAIQ', 


AND 

N N DE 

(From (he Pharmacological Umt, Indian Institute of Science, Bangalore ) 
[Reoeivod for publication, June 24, 1942 ] 


The importance of phosphorus compounds m hving tissues is well realized foD 
the fact that they are concerned with the functioning of the central nervous system, 
mth carbohydrate metabolism, with lipins and hpm metabolism, with the 
synthesis and breakdown of nucleic acids, and lastly suffer great changes m a large 
^ety of diseased conditions The phosphorus distnbution m animal tissues is 
gauung great importance because the relative proportions of the various forms of 
pho^horus go a long way to suggest whether glycolysis m tissues takes place through 
a phosphorylating or a non-phosphorylatmg chain. There has been considerable 
^peement over the existence m certam tissues, for example, bram, tumour, embryo, 
® j of a non-phosphorylatmg type of glycolysis, though the preparation of cell- 
60 phosphorylatmg extracts from these tissues supports the view that an analogous 
pio^horylation takes place m the cell (Gnger, 1940 , Kerby and Bourne, 1940 , 
Bryland, 1935) The fact that glucose can act as a phosphate acceptor 

la mmysed bram dispersions (Ochoa, 1940) is even more convmcmg evidence 
° he correctness of this theory MacFarlane and Weilherbe (1941), however, 
ontrary to the conclusions of hTeedham et al (1937) and others, observe that 
Sycoysis IB dependent on phoq)horylation. 

( 619 ) 
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<* 


The dry matter of the bram tissues of some of the vertebrates (dog, rat, rabbit, 
he-goat and ox) contains about 1 3 per cent of phosphorus The present work 
was imtiated to determme the distribution of various forms of phosphorus m bram 
tissues 

The important effect of the method of kdlmg a tissue upon the resultmg 
analytical figures was not reahzed until the pubhcation of the work of Tletcher and 
Hopkmg (1907) on the lactic-acid content of the amphibian muscles They showed 
the paramount importance of the rapid grmdmg and revealed the advantage of 
using ice-cold kdlmg agents It is now known that the true value for the morgamc 
ortho-phosphate cannot be obtained unless the tissue is cooled thoroughly before 
the grmdmg and ground rapidly m ice-cold reagents Liqmd air is sometimes 
used for the q^uick killing of small tissues but this techmque though convement 
IS somewhat riSky if the tissue is small (less than 200 mg ) 

The extraction and separation of the various forms of phosphorus by 
tnchlor-acetic acid under preferably ice-cold conditions have been successively 
applied to a variety of tissues by Irvmg and Wells (1928) and we have adopted the 
procedure of Needham et al (loc ) m this mvestigation 

Experimental. 

A Prepaiation of the material — The bram tissues of ox, he-goat, dog, rabbit 
and rat were used for the fractionation of phosphorus The whole brains of the 
ox and he-goat were obtained under ice-cold conditions from the slaughter-house 
immediately after the ammals were killed The brams of the dog and rabbit were 
taken after kilhng the ammals by air injection m vems The rats were kiUed by 
a blow on the head The tissues were then trimmed free from the outer 
membranes and capillaries contammg blood 

f B Methods — ^The tissues were then weighed and a portion from each sample 
was kept m a tared evaporatmg basm m an air-oven at 103°C to 105°C , separately 
for moisture determination The rest of the tissue was crushed m an ice-cold 
glass-mortar with a httle sdver-sand They were then extracted with ice-cold 8 
per cent trichlor-acetic acid for 30 mmutes m the ice-bath with frequent stimng 
to facilitate extraction The extractions were repeated thrice over 

The separation of the acid-soluble phosphorus mto various fractious, namely, 
morgamc ortho-phosphate, labile esters such as adenyl-pyro-phosphate, resistant 
esters such as hexose-phosphates and tnose-phosphates and phosphogens such 
as creatine-phosphate was earned out by the barmm-precipitation method of 
Needham et al {loo cit ) 

The total phosphorus of each bram was determined from aliquots of the 
moisture-free material and calculated on the wet tissue All phosphorus 
determinations weie carried out coIorimetricaUy accordmg to the method of 
Eiske and Subbarow (1925) 

The results of these experiments are presented m Tables I and 11^ — 



Phoi>])horus dislnbtilton vn mammahu)) bmnis 
Results firo o\prea3cd m mg per 100 g of the wot tissuo 
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Table II 

Phosphorus partition in braints 

Eesults expressed as percentage of total acid-soluble phospborus 


Nature of P 

Ox 

Goat 

1 

Dog 

I 

Rabbit 

Rat 

Banum preoipitable 





1 

1 

Total P 

76 03 

81 02 

1 

74 10 

67 10 

1 79 20 

1 

Inorganic P 

60 83 

74 23 

66 80 

1 63 40 

68 80 

Adenyl-pyrophosphate P 

4 69 

1 

3 14 

7 30 


Hexose di-phosphate values 

2 68 

1 86 

0 89 1 

2 10 


Unhydrolysed P after 100 
minutes 

17 02 

4 99 

3 81 

1 

i 

4 30 

10 40 

Barium non preoipitable 




1 


Total P 

24 77 

19 06 

24 70 

31 80 

20 00 

Phosphogen P 

6 71 

6 27 

4 03 

8 00 

610 

H e X 0 a 6 mono phosphate 
values 

18 06 

13 76 

20 60 

24 00 

13 20 


\ 


Conclusions 

The results indicate that all the five brains examined contain approximately 
the same proportions of different fractions of phosphorus 
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OBSERVATIONS ON THE BEHAVIOUR OF PULMONARY 
VESSELS IN THE ISOLATED PERFUSED 
RAT LUNGS 

BY 

A S SINHA, MB, B 8 , 

Palm University Research Scholar 

(From the Department of Physiology, Pnnee of TTa^es’ Medical 
College, Patna ) 

pieoeived for publication, June 22, 1942 ] 

The vasomotor responses in the isolated perfnsed gumea-pig lungs have been 
previously reported (Smha, 1942) The present observations ivere made on the 
behaviour of the pulmonary vessels m the isolated perfused rat lungs Tribe (1912) 
■working on the rat ohtamed vasoconstriction or vasodilatation respectively with 
adrenahne crystalhne or adrenaline with chloretone HiraKawa (1926) noted no 
effect 'With adrenahne in the rat Foggie (1936) working on the rat 'with adrenahne 
crystalhne found vasodilata'tion with small doses and vasoconstriction 'with large 
doses Acetylcholme caused vasoconstriction In the present work observatioi^^ 
were made on the response of the pulmonary vessels ■with drugs and with nerve 
stimulation 

Methods 

The animal was killed by a blow on the neck, tracheotomy was done and a 
tracheal cannula was inserted, the chest opened and artificial respiration started 
Cannulffi were then tied to the pulmonary artery and to the left a'oncle and 
permsion was started immediately at a constant temperature and pressure, the 
perfusion pressure varymg from 4 cm 'to 8 cm m different experiments The 
temperature wras mamtamed at a constant level by passmg the perfusion fluid from 
the reservoir through a glass-spiral, immersed m a bath, the temperature of which 
was kept at dO^C by a thermostatic relay arrangement, and thence to the inflow 
cannula The rate of outflow was recorded by a drop-recorder In the experi- 
ments on nerve excitation the stimulatmg electrode was placed m position before 
inserting the perfusion cannulse, as the nerves rapidly lose excitability once the 
perfusion has begun In all these experiments hypertomc ■tyrode solu'tion was 
’ised (NaCl 08 g, KQ 0 02 g, CaCls 0 01 g. MgCla OOlg, NaHzTO^ 0 006 g , 

( 623 ) 
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NaHCOj U 1 g /80 c c distilled water) Drugs were lujeoted by a syringe in the 
rubber-tubing connected with the inflow cannula 


Efitect op nerve stimulation 

1 TJi^ thoracic sympathetic — ^Electrical stimulation of the stellate ganglion 
was done in nineteen experiments In fifteen experiments there was a decrease 
in the rate of flow showmg vasoconstrictor effect (Fig lo), in one there was an 




0 

Fig 1 — 16 10 41 — Effect of stimulation of the stellate ganglion on 
rate of outflow from perfused rat lungs Stellate ganghon stimulated 
between arrows (a) before ergotamino, {b) 0 mmutes after injection 
of SOy ergotamino In this and in Figs 2 and 3, the upper traomg 
shows the drop record of outflow, the lower tracmg the time in 
minutes 


increase in the rate of flow and in three there was no response Previous injection 
of 50y ergotamine suppressed or abolished the vasoconstrictor effect of the stellate- 
ganglion stimulation (Fig 16), 
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The vasoconstriction observed b) stinnilntion of the stellate ganglion goes 
to show the prc'^cncc of vasoconstrictor nerve fibres in the thoracic sympathetic 
The vasodilatation or absence of response observed in some of the expenments 
mny be due eitlicr to the presence of vasodilator nerves or to the concomitant 
bronchodilatation leading to the stretching of the blood vessels in it If there are 
vasodilator fibres in the thoracic sympathetic their control must be very feeble 
and it IS also likely that thev cease to function quickly under erpemnentel condi- 
tions The possibihty of apparent vasodilatation as a result of concomitant 
bronchodilatation obtained support also by the observations of Dale and Narayana 
(1935) 

2 The vagi — ^Electncal stimulation of the vagi was done in fiv e expenments 
In four of these experiments no effect was observed Onlv m one experiment 
a decrease in the rate of flow was observed It is hkelv that m the rat the 
vasomotor control through the vmgus is sbght, and if any such control at all 
exists it 13 lost under experimental conditions 


Injfctiox op drugs 

~__4(ireuah[ne was injected iii eleven expenments In nine there 
^as a decrease m the number of drops (Fig 2a), and m two there was an imtial 

% 



of 41 — Effect of adrenaline on outflow Jtrom perfuaed rat’s lungs and the abolition 

adrenaline by previona injection of ergotamine lOy adrenaline injected at arrowa 
argotamine, (6) 7 minutes after injection of GOy ergotamine 


which on subsequent injection of adrenabne, show'ed a decrease m the 

■'drenhLT^ Injection of ergotamine suppressed or abolished the effect of 

(Fig 2h) 


J, Jip 
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In none of these experiments was vasoconstrictor response to adrenalme 
reversed by ergotanune This is in contradiction to the observations of Foggie 
{loc cit ) 

Acetylcholine — ^In four experiments acetylchohne was mjected and m each 
case there was a decrease m the number of drops (Fig 3a) This efiect was 
abolished by previous mjection of atropme (Fig 3&) The results obtamed with 
acetylchohne confirm those of Foggie (Zoc cut ) 



Fia 3 — 21 8 41 — Effect of acetylcholine on outflow from perfused rat’s lungs and the 
abohtion of the effect of acetylchohne by previous injection of atropme lOy acetylchohne 
injected at arrows (a) before atropme, (6) 8 minutes after injection of 06Oy atropine 


i 

CONOLITSION 

It is concluded from the above observations that the pulmonary blood vessels 
m the rat are supphed by vasoconstrictor fibres from the stellate ganglion as well 
as from the vagi, the control by the latter being feeble The existence of vasodilator 
fibres m the thoracic sympathetic could not be established 


SuilMAEY, 

1 Electrical stimulation of the stellate ganghon or mjection of adrenalme 
caused vasoconstriction and the effect was abolished by previous mjection of 
ergotanune 

2 Electrical stimulation of the vagi had very httle vasoconstrictor effect 

3 Injection of aceiylcholme also produced vasoconstriction which effect was 
abolished by previous mjection of atropme 
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the interaction between ions drugs and 

ELECTRICAL STBIULATION AS INDICATED BY 
INHIBITION IN UNSTRIATED JIUSCLE 


BY 

Major INDERJIT SINGH, i m s 
(Fro7n the Haffkme InsMtite, Bombay ) 

[Bccei\cd for publication, August 10, 1942] 

In pretious papers (Singh, 1938, 1938fl, 1938h, 1938c, 19385, 1938c, 1939, 
1939a, 2940, 1942) the properties of vanoos contractions of imstriated muscle 
irere studied , m the present research, the properties of inhibition were smularlv 
investigated and also the inter-relaLon between the processes of excitation 
nnd inhibition. 

Hnstnated muscle is usually found m state of tonus which may be 
increased or dimimshed by various agencies Tone is inhibited when the 
muscle 18 required to be relaxed, and when it has to perform quick con-"^ 
traction It appears that tome contraction is accompamed by mcrease in 
viscosity, and for quick performance such as a twitch, tone is inhibited and the 
viscosity reduced (Winton, 1937) 


Experimental 

experimental procedure was the same as desenbed m previous papers , 
ne pH of the sahne was 6 6 The muscles used m these experiments were 
gmnea-pig uterus, dog stomach and frog stomach , for study of inhibition the 
gnmea-pig uterus was found most smtable The majonty of the experiments 
irere thus performed on the gumea-Tug uterus, and so a brief account of its 
reactions is given 

Ihe reactions of the gumea-pig uterus are variable like those of Myttlus 
uscle The guinea-pig uterus exhibits much tone greater than rrog stomach, 
-penis and Mytilvs muscle Ite pregnant uterus is more sensitive 
c emical stimulation and less to electrical stimulation than the non-pregnant 

( 629 ) 
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one The excitabihty to alternating current (A. C ) or direct current (D C ) 
18 low, so that it was not possible to study the properties of the A C 

contraction in detail The best method xif stimulation with electnc current 
IS to mcrease the osmotic pressure of the medium to 14 to 18 tunes 

normal by addmg sucrose in soium chloride, thereby mcreasmg the concentration 
of ions withm the fibres Adaptation to A C is slow just as m other mammahan 
plam muscle The gumea-pig uterus is more sensitive to chenucal stimulation 
than Mytilus muscle, frog stomach or dog stomach Since the excitabihty to A C 
IS low and adaptation is slow, this increased excitabihty of the gmnea-pig uterus 
to chemical stimulation is due to two factors, viz slow adaptation and the factor 
which affects the two excitabdities in opposite directions The guinea-pig 

uterus produces a twitch, resembhng the A C twitch when the muscle is 

transferred from sahne to air and from air to sahne This tendency is also found 
to some extent in dog stomach and frog stomach, especially when the irntabdity 
to A C IS high, as m the case of frog muscle immersed m sahne rendered 
hypertomc with sucrose (osmotic pressure 1 3 to 1 4 times normal) 


Inhibition 

The gumea-pig uterus is markedly susceptible to inhibition and a considerable 
number of substances are active Many agencies that produce contraction m 
other muscles produce inhibition m this muscle, so that the two phenomena are 
m some way related Mere change of the same solution may cause inhibition , 
this renders it somewhat difficult to study the action of other substances, but 
means, which will be described later, were found to obviate this difficulty 

Some of the substances that produce inhibition m the gmnea-pig uterus are 
(1) adrenahne from concentrations of 1 m 60 nulhon , large concentrations may 
cause contraction, (2) amons small concentrations of iodide (0 0016 M Nal) is the 
|Only amon (out of Br, I, NOj, SON) that produces marked inhibition, (3) cations 
all cations, such as hydrogen, hthium, sodium, potassium, ammomum, calcium, 
strontium, magnesium and barium, produce marked mhibition Eqmvalent large 
concentrations of amons produce contraction, so that inhibition is a cation effect 
The chenucal substance chiefly used to study inhibition was potassium 


Projieiiies of ilie poiasmim inh%b%l%on 

)SmaIl concentrations of potassium are known to produce inliibition of plam 
muscle and correspondmgly the latter may contract in a potassium-free sahne, 
though the opposite also happens Thus, Mytilns muscle contracts on withdrawal 
of potassium, while frog stomach relaxes , both these results are obtained with the 
gumea-pig uterus under varying conditions' 

At pH 6 5 the muscle may shghtly relax on withdrawal of potassium, but if 
after 10 mmutes potassium is re-introduced it causes marked inhibition from which 
the muscle recovers The muscle thus adapts to the mhibition , if it is depnved 
of potassium, this adaptation disappears Just as contact with a stimulatmg 
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substance reduces the sensitiMty of the muscle to the stimulus, contact mth an 
inbibitorj substance reduces tlie sensitn it\ to inhibition In Myhhu muscle too 
it ivas found that after adaptation the effect of a stimulatory substance was 
reversed 

Just as a stimulatory substance exhibits the staircase effect a correspondmg 
action IS produced by an mhibitory substance , the successive magmtudes of inhibi- 
tion increase Fatigue of inhibition ma\ also occur, cspeciall} under circumstances 
ivbich produce adaptation to a stimulating agency Thus, if tone gradually 
decreases owmg to adaptation, fatigue to inhibition occurs 

The concentration of potassium in the mammalian sahne is 0 00616 M KCl 
After the muscle has been in a potassium-free salme for 10 mmutes this concentration 
'^■onld produce the maximum inliiintion, about 20 g to 30 g The curve showmg 
the relation between the concentration of pot-assium and the magmtude of inhibi- 
tion B S-shaped 

In studymg the effect of concentration on the potassium inhibition only sub- 
maximal concentrations should be used , the range used m these experunents 
^ 0 00019 M KCl to 0 0016 hf KCl Large concentrations of potassium cause 
the gumea-pig uterus to contract , with subsequent stimulations, fatigue occurs 
&nd all concentrations of potassium cause inhibition only This is important 
as it shows that potassium can produce smidar effects ivithm and without the 
fibres In 31yttlus muscle also, large concentrations of potassium cause complete 
mhibition 

In the study of the effect of substances on inhibition there are two distmct 
phenomena to be mvestigated, vuz the primary mhibition and the subsequent 
adaptation to the inhibition The same agency may affect these two phenomena 
m the same or opposite directions As with contraction, a decrease m inhibition 
®ay be due to rapidity of adaptation, so that to judge the effect of a substance on 
inhibition only the adaptation should also mcrease if the primary mhibitioy 
meteases 

Effect of sodivm chloride —A change m the concentration of sodium chlonde 
effects the potassium inhibition m a most significant way If the sodium- 
chlonde content of the sahne is diminished (0 to 80 per cent of normal), the 
muscle relaxes instead of contractmg on withdrawal of potassium. This is m 
agreement with the fact that the sodium-chlonde content of Mytilus salme is 
^ and MytUus muscle contracts on withdrawal of potassium, and that the 
s^um-chlonde content of fros sahne is low and frog stomach relaxes on withdrawal 
m potassium 

Potassium antagonizes the action of sodium chloride, so that if the action of the 
ttw 18 stimulatory, as m Mytilus muscle or sometimes m gumea-pig uterus (in 
auahne solution pH 8 , borate buffer), the muscle contracts on withdrawal of 
potassium , if the action of sodium chloride is inhibitory, such as in gumea-pig 
^^erus numersed in sahne the sodium-chloride content of which has been reduced, 
r in frog stomach, withdrawal of potassium causes relaxation 



632 


Exaltation and Inhibition in Vnstnated Muscle. 


In tlie gumea-pig uterus small coucentiations of potassnim produce a regular 
response in low concentrations of sodium cliloride (15 per cent of normal) , this 
method was used to study the potassium contraction 

Effect of cations — ^Hydrogen and calcium ions mcrease the potassium inhibition 
as well as the subsequent adaptation Lithium decreases the mhibition This is 
probably due to increased adaptation, as hthium itself causes inhibition , inhibi- 
tory substances potentiate one another 

Effect of anians and drugs — Small concentrations (at pH 6 6) of bromide 
(0 007 M NaBr), iodide (0 0016 ]\I Nal), thiocyanate (0 0004 M NaSCN) augment 
the potassium inhibition Eserme (1 m 10-^) antagonizes potassium inhibition, 
smaller concentrations have no significant effect Adrenahne potentiates the 
potassium inhibition, but if the muscle has adapted to adrenahne, potassnun 
inhibition is also antagonized , adaptation to inhibition produced by one substance, 
IS also antagomstic to that produced by another 

Relation between to-ne and potamMm inhibition — Tone is antagonistic to 
potassium inhibition , the amons that cause tome contraction are thus also 
antagonistic Tome contraction increases adaptation to the inhibition , cal- 
cium and hydrogen ions mcrease tone as well as hasten adaptation Smee 
m an adapted muscle, withdrawal of potassium causes relaxation, the latte 
mcreases tone Hence though the imtial inhibition mcreases with mcrease m 
the concentration of potassium (from 0 00019 M KCJl to 0 0016 M KOI), adaptation 
also mcreases 

The effect of temperature • — The optimum temperature for the potassium inhibi- 
tion as well as the potassium contraction is 36°C to 37°C The gumea-pig uterus, 
hke Mytilus muscle, exhibits mereased excitabihty to potassium at low temperature 
(b^C to 10°C ) The decrease m inhibition as well as contraction at high temperature 
IS due to increase in adaptation (Graph 1) 

* Optimum length — ^The optimum length for the potassium inhibition is the 
same as that for the potassium contraction 

Effect of osmotic pressure — ^Aboiit 10 to 20 per cent mcrease m osmotic 
pressure eauses a marked inhibition so that it is difficult to judge the effect 
of such an mcrease on potassium inhibition as the base hne does not remam 
constant , but further mcrease m osmotic pressure shows an antagonistic effect 
If mcrease m osmotic pressure does not cause a marked inhibition, then small 
mcrease m osmotic pressure is also antagomstic (Graph 2) Smee mcrease m 
osmotic pressure decreases tone, adaptation is also dummshed' Judgmg from 
an electncal inhibition havmg the same properties as the potassium inhibition 
(to be described), small mcrease m osmotic pressure mcreases the inhibition m 
muscles which relax , this is an mdirect effect due to neutrahzmg the anta- 
gomstic action of tone Ions mside thus antagomze the action of ions outside 
The above expeiiments show that certain agencies affect the actions of ions 
without the filires smnlarly be it inlnbitoiy or stimulatory Tlie implications 
of this statement lias to be borne m mind -when the effect of a solution 
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(iRATH 1 



GuipH 1 — Qainea pig uterus The effect of temperature on mtubstion (A) Inhrbi 
t'on by B C 8 V/1 mm (B) Inlubitiou by increaie m osmotic pressure to 1 05 times 
norma] by adding sucrose adaptation increases with temperature (Cj luhibition by 
00154 M KCl , adaptation increases with temperature (B) Puta'sium contraction 
y 0 00610 M Kg m sodium ohlondc content 15 per cent of normal 
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containing both inhibitory and stimulatory ions is to be considered When the 
effects of both these increase or decrease sunultaneonsly the net result will 
depend on then interaction 

Graph 2. 



Graph 2 — Guinea pig uterus The efifeot of osmotio pressure on potassium inhibi- 
tion (A) Potassium (0 00616 M KCl) was added at 1, 3, 5 , 7 and withdrawn 
at 2, 4, 6, 8 The Ist and the 4th figures show the effect of normal osmotio pressure , 
the 2nd that of osmotio pressure 1 2 times normal, and the 3rd that of 1 4 times 
normal (B) 1st and 3rd figures show the efifeot of osmotio pressure (1 2 tunes 
normal) , the 2nd figure in normal osmotio pressure , note rapid adaptation 


Meclmmcal %nh%bii%on 

Mere change of solution sometimes causes the muscle to relax This inhibition 
resembles the potassium inhibition It is not necessary for the muscle to pass 
from salme to air , a flow of saline tlirough the chamber is sufficient to produce the 
inhibition This is akin to the tome meclmmcal contraction produced by touch 
in Mytilm muscle 

To obviate mechamcal inhibition which sometimes mterferes with these 
experiments, alkalme salme was employed (pH 8, borate buffer) or the chloride 
was replaced with bromide, as these are antagomstic to potassium inhibition 

PropeHies of the A C or D C %nlnhUion. 

Electric current produces inhibition (a) during passage (6) on cessation , D C 
13 more powerful than A C The properties of this inhibition are as follows 
(1) The optimum temperature IS 27°C to 30°C, , (2) the optimum length is less than 
that for potassium inhibition , (3) electrical inhibition is antagomstic to the potassium 
inhibition, A C however produces both kinds of inhibition (Graph 3) , (4) hence 
cations, calcimii, potassium, hydrogen, which cause inhibition, are antagonistic 
to the D C and one kind of A C mliibition , (5) tone is antagonistic both to elec- 
trical as well as potassium inhibition, but moderate increase m tone increases the 
A C or D C inhibition by antagonmng the action of cations in the salme , (0) 
amons are antagomstic to electrical inhibition, small concentrations because they 
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produce an antagoni'^tic inlubition nul lirgor t oiKcnfritions because tlie\ cause 
tonic contraction, modcmtc concentrations i ctisins sjiaj)^ increase in "tone 
enhance tire inhibition, (7) iiicrcnsc in osmotit pressure dei reuses the inhibition, 
as tone is decreased thereby 

Griph ^ 



Qrapii 3 — Guinea pig uterus Antagonism between potassium and eleotnoal inhibi 
(A) Inhibition by 0 00154 M KCl (B) Inhibition by 0 00164 U KOI and A. C 
1^/10 nun The antagonistic inhibition acts till x where the synergistic inhibition 
“^ins (iM Graphs 4 and 6) (C) Inhibition by 0 00104 M KCl and DCS V/10 min 

V 0 00164 M KCl onl\ (P) Same ns (C) (F) Inhibition by D 0 8 

' /lO mm 

th ff ^ — ^An interesting feature of the guinea-pig uterus is that 

f electneal current resembles exactly that on ILytilus muscle except that 

^ produced instead of contraction Correspondmg to the A C off- 
siT there is the A C off-inhibition, which has the properties of the potas- 

lA inhibition, except that it is enhanced by mcrease m osmotic pressure This 
rence is an mchrect result of decrease of tone foUowmg mcrease m osmotic 
P essure The optimum temperature is the same as that for tone (30%' to 35°C ) 

A C or D C rnltibilton — Correspondmg to the secondary A C 
raeture there is the secondary A C or D C inhibition, hanng the properties 
ine potassium inhibition (Graph 4) 

muscle A C (10 V/5 mm ) produces eitlier (1) a twitch only or (2) 
ed bv *®AS outside is greater the twitch becomes smaller and is succeed- 

y a omc contraction, or (3) if the sensitivity to ions outside is great then the 
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twitcli disappears and only a tonic contraction lesnlts The process -wliicL produced 
the A C contraction now merely exerts su antagomstic effect, which disappears 
- on the cessation of the current, resulting in the'second land of A C off-contracture 
(Singh, 1940) 

Graph 4 



(Jbaph 4 — Inhibitions and contractions produced by eleotno current and inoreaso 
in osmotic pressure (A) Qumea-pm uterus Primary D C inhibition at \p and 
secondary D C inhibition at X , pH 8, borate buffer (B) Gumea pig uterus Same 
as (A) but pH 6, 6 , the secondary D C inhibition is much more marked (C) and 
(D) Dog stomach Contraction produced by sudden increase in osmotic pressure at /[' 
and restoration to normal at )\ The contraction shown here on decreased osmotic 
pressure has a latent period of 1 mm to 10 mins , so that it is akin to the secondary 
A 0 contracture (E) Gumea pig uterus Inhibition produced by mcrease m osmotic 
pressure at ^ to I 1 times normal, and restoration of the ongmal osmotic pressure 
at /[V (P) Gfmnea pig uterus The three inhibitions produced by A C (12 V/2 mm ) 

from 'h to ij/ The first stimulation m salme contammg potassium 0 00308 M KGI , 
the second in 0 00616 M KCl Note the A 0 off-inhibition 


In the gumea-pig uterus, duiuig the passage of A C lucieusej sensitivity to 
ions outside results first in diminution of the A C inhibition and secondly in develoii- 
ment of a secondary inhibition which has the properties of the potassium inhibition 
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On cessation of the current, there is the corresponding off-inhibition A C 
thus produces two tands of inhibition (Graph 5) 


Graph 5. 



tkl 66 

Qraph 6a — Mytilus mu»olo (1) Contraotlon producad bv A C 12V/6 min 121 m 
^ In 100,000 NaON (3) in 1 in 10,000 NaCN , the tnltoh haa disappeared and onlv the 
tonlo oontraotion Is produced • 

Graph 66 — Quinea-pig uterus (1) Inhibition by A C 12V/2 mm, m 

OOOSOS’MKCl ( 3 ) in 0 00016 Jt KCl The A C 

mm Columns on the left-hand side show tension 


free saline (2) in u uuouo m m v wuio ai xne a u off inhibit 

increases mth potawiiim Columns on the left-hand side show tension produced bv fp? 
M KCl ColumnsTon jthe right-hand Jside shon- inhibition nroduced bv^ similai- onini 
mm The muscle was stimulated.'^with A C. after it had recovered 

nfstimnl.t, XL . U the 


mns^on jtne ngnt-uaua jhiub snow m 

of potassium The muscle was stimulatedi^with A u, niter it nad recoven 
potassram inhibition ThioV. linei lielow show period of stimulation with A C 
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The question anses as to why should, m the guinea-pig uterus, A C or D C 
produce inhibition , this is due to the increased tone in this muscle If A C or 
D C produces a twitch, they by substitutmg the chloride of the salmewith bromide 
increase the tone, and electric current only produces inhibition , bromide neutralizes 
the effect of cations outside In the gmnea-pig uterus durmg the passage of A C 
the sequence of events may be as ioUows &st, a twitch, which is succeeded by 
inhibition , adaptation occurs to this, and then, the second inhibition The sequence 
of events following the twitch is due to mcreased sensitivity to ions outside durmg 
the passage of the current Increased sensitivity, probably to amons, results m 
the first inhibition, and to cations results in recovery and the succeedmg inhibition 
As with the A C contraction in Myiilus muscle the A C inhibition in the gumea-pig 
uterus has an optimum voltage This is partly due to the fact that mcrease m 
voltage simultaneously mcreases the action of factors which are antagonistic to 
each other Increased action of ions outside decreases the A C conteaction in 
Mytilus muscle and the A C inhibition in guinea-pig uterus 

WitMraioal inJnbtiion. 

Withdrawal of certam stimulatmg substances produces inhibition These 
are bromide, iodide, acetylchohne, potassium This inhibition is probably due to 
adaptation, the muscle producing an opposite change (Graph 6) 

Graph 6 
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Graph 6 — Guinea pig uterus Withdrawal inhibition (A) At the first arrow was 
added acetylcholine (1 in 100,000) , the same solution woa renewed at each arrow, when 
no inhibition took place (B) At 1 the acetylcholine was replaced with aahne this 
caused inhibition Ah 2, the saline was renewed , the inhibition is due to the fact that 
first replacement imh saline does not remove the acetylcholine completely At 3, 
renewal of the saline caused no change 


Withdrawal of sodium chloride by replacement with sucrose causes a temporary 
inhibition This is due to the withdrawal of chloride, as other halides produce this 



Inderjii S^ngh 


639 


effect , besides, replacement of sodium with lithium does not result in such marked 
inhibition the concentration of chloride thus remaining constant 


Properhcs of Ihe inhibition and the contraction produced by increase of 

osmotic pressure 

Properties of the osmotic contraction — Frog muscle is more sensitive to A C 
than dog stomach or guinea-pig uterus , the sensitivity of these muscles to sudden 
increase in osmotic pressure also varies in the same order, hence the osmotic contrac- 
tion was studied in the frog muscle 

Changes m osmotic pressure produce two distmct contractions sudden 
increase m osmotic pressure produces a contraction , if the osmotic pressure is 
suddenly restored to normal another contraction occurs The contraction produced 
by mcrease m osmotic pressure has the properties of the A C contraction , the 
contraction produced on restoration of normal osmotic pressure is antagonistic 
and has the properties of the A C off-contracture, as shown by the foUowmg 
experiments (Graph 7) — 


GhAPH 7 



Gbaph 7 — Frog stomach muscle Contraction produced by sudden increase in 
osmotic pressure at 4 and restoration of ongmal osmotic pressure at 4 (A) First 

response (B) Staircase effect , the first osmotic contraction becomes larger and the 
second smallor (C) The effect of 0 02 51 JJS.Cl (D) the effect of 0 01 3l KCl and 
then 0 006 M Nal 

(1) The. optimum concentration of calciuni for the first osmotic contraction 
is the same as that for the A. C contraction , that for the second osmotic contraction 
IS the same as that for potassium (2) The optimum length for potassmm m frog 
Mytilus and dog muscles is greater than that for .4 C contraction The optimum 
length for the first osmotic contraction is the same or shghtlv less than that for the 
A, C contraction, so that the optimum length for the osmotic contraction is more 
eq^ual to that for the A C contraction than that for potassium contraction (3) 
The optimum temperature for the osmotic as well as the A C contraction is 30°C 
(4) If the concentration of stunulatmg ions m the sahne is mcreased by addmg 
ammonium or potassium the first osmotic contraction is depressed and tbe feepud 
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increased, jnst as the A C ofE-contractnre (3) In dog stomach calcium and 
hydrogen ions augment the second osmotic contraction just as they do tlie potassium 
contraction 

Another interesting feature IB that a contraction with a latent period of 1 to 10 
minutes occurs when the osmotic pressure is restored to normal This is best seen 
in the dog stomach and is akin to the secondary A 0 contracture A similar 
contraction occurs if the concentration of calcium is mcreased and then restored 
to normal It has been presumed that the secondary A C contracture follows 
changes in the concentration of calcium in the muscle (Smgh, 1938cr) 

Thus, the three contractions produced by passage of electric current can also 
be produced by sudden mcrease m osmotic pressure In frog muscle, the contrac- 
tion produced by mere change of salme should not be confused with the osmotic 
contraction , the magmtude of the former is deter min ed by merely changmg the 
same salme 

Properties of the osmotic inhibition — ^This was studied m the gumea-pig uterus 
Just as the passage of electric current produces two inhibitions, one durmg the 
passage and the other on cessation, so also do changes m osmotic pressure Inhibi- 
tion 18 produced if the osmotic pressure is increased and also when the osmotic 
pressure is restored to normal 

The properties of the inhibition produced on mcrease of osmotic pressure are as 
foUowB (1) as with A C or D C inhibition, the optimum temperature is 30°C , 
(2) it IS antagonized by hydrogen and calcium ions, (3) unhke A C or D C inhibi- 
tion it IS not antagonized by potassium , this is probably due to mcrease m tone on 
withdrawal of potassium, (4) as with the A C inhibition, deficiency in sodium 
chloride increases the osmotic inhibition 

In frog muscle sudden increase m osmotic pressure causes relaxation followed 
by contraction Small mcrease m osmotic pressure only causes relaxation With 
t A G too, m Mytilus muscle, small voltage causes relaxation , large voltage causes 
contraction, so that there is an optimum voltage for inhibition This appears to 
be due to the fact that mcrease in concentration of the ions withm the fibres first 
neutralizes tone, and then produces contraction, so that there is also an optimum 
value for mcrease m osmotic pressure to produce inhibition In gumea-pig uterus 
mcrease m osmotic pressure by 10 to 20 per cent above normal is sufficient to 
produce the maximum mhibition , further increase may cause contraction 

Tonus 

The gumea-pig uterus exhibits much tone, and yet at times it may be completely 
relaxed Mytilus muscle exhibits much tone, while frog muscle exhibits very little 
' The reasons for these variations will now be described — 

EffeU of sodium chlojide—ln previous papers (Singh, 1938 to 1938e, 1939, 
1939a) it has been described that large concentrations of sodium chloride have 
a stimulator}’^ while smaller concentrations have inlubitory effect, and that tone 
IS due to the stimulatmg effect of sodium chloride , this is very well shown by 
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the gumea-pig iitertiii Partial replacement ot the sodium chlonde of the saline 
with sucrose decreases t-one In salme containing sodium chloride m the same 
concentrations as in frog saline, tone is greatly dimimshed , in agreement with this 
IS the fact that frog muscle exhibits much less tone than the guinea-pig uterus If 
the sodium chloride is reduced belou 20 per cent of normal concentrations then 
tone again increases, showing the inlnbitorv effect of small concentrations of sodium 
chloride Tone m isolated muscle i^; thus produced bv sodium chloride and uses 
up oxygen (Rao and Singh, 1940) 

Isolated Mylthis muscle iisuallx howecer exhibits tone quite different from 
(lut of isolated guinei pig uteru'- frog stomach or dog stomach, the spontaneous 
contractions are absent The tone of Myiihit muscle is a slow relaxation due to 
increased \uscositv , this latter depresses excitability ind ■’o the spontaneous 
contractions are absent Pig stomacii exhibits tone bke that of MyiHiis muscle 
and the latter sometimes exhibits tone like that of the guinea-pig uterus 

£ffec( of lithium — In frog stomach md dog stomach, hthium increases and in 
gumea-pig uterus decreases tone This is due to the inhibitory effect of hthinm in 
gmnea-pig uterus If the sodimu-chlonde content of the sahne is reduced then 
the gmnea-pig uterus behac es like frog muscle, that is, smaller concentrations of 
sodium have a greater inhibitory effect than hthium This findmg is important, 
because the concentration of chloride remains constant suggesting that sodium, 
like other cations, has an inhibitory effect 

The effect of othei ccilions, talcum, jiotassinni and hydrogen ions — This has 
been desenbed prexnously Sudden mcrease m hydrogen ions produces inhibition 
like that of potassium , the muscle adapts to a slow mcrease 

Effect of temperature — ^The gumea-pig uterus, bke Mytilvs muscle, shows 
increased tone at low temperature (below 10°C ) It may show mcreased tone at 
20°C to 25°C and at SS®!' to 37°C as m Myttlus frog and dog mnscles or it may 
be completely relaxed ^ 

Effect of stretching — In a previous paper (Eao and Smgh, loc cit ) it has been 
shown that the oxygen consumption of frog stomach decreased if the length was 
mcreased, and this was ascribed to the antagonistic action of stretchmg on tone , 
this has been found to be the case 

To explam these compheated phenomena, such as the effect of stretebrng and 
the vanable effect of temperature, it must be remembered that the sahne contains 
two antagonistic factors, one that produces contraction and the other relaxation , 
both these factors have the same optimum length and optimum temperature so that 
when these two factors are vaned, the net result depends upon the predommance 
of one factor over the other 

Effect of lomc composition of the muscle — In prenous papers it has been men- 
tioned that plam muscle exhibits greater tone than stnated muscle owing to its 
greater sodmm content This conclusion finds support from the present expenment*^ 
The inhibitory effect of potassium is greater than that of sodmm so that the muscle 
Mill show greater tone if it contains less potassium and more sodium 

J, MB 
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increased, ]iist as tlie A C ofE-contracture (3) In dog stomach calcium and 
hydrogen ions augment the second osmotic contraction ]UBt as they do the potassium 
contraction 

Another interesting feature is that a contraction with a latent penod of 1 to 10 
minutes occurs when the osmotic pressure is restored to normal This is best seen 
m the dog stomach and is akin to the secondary A C contracture A similar 
contraction occurs if the concentration of calcium is increased and then restored 
to normal It has been presumed that the secondary A C contracture follows 
changes m the concentration of calcium in the muscle (Smgh, 1938o) 

Thus, the three contractions produced by passage of electric current can also 
be produced by sudden mcrease m osmotic pressure In frog muscle, the contrac- 
tion produced by mere change of sahne should not be confused with the osmotic 
contraction , the magmtude of the former is determmed by merely changmg the 
same salme 

Properties of the osmotic inhibition — ^This was studied m the gumea-pig uterus 
Just as the passage of electric current produces two inhibitions, one dunng the 
passage and the other on cessation, so also do changes m osmotic pressure Inhibi- 
tion IS produced if the osmotic pressure is increased and also when the osmotic 
pressure is restored to normal 

The properties of the i n h i bition produced on mcrease of osmotic pressure are as 
follows (1) as with A C or D C inhibition, the optimum temperature is 30°C , 
(2) it IS antagonized by hydrogen and calcium ions, (3) unlike A C or D C inhibi- 
tion it IS not antagonized by potassium , this is probably due to mcrease m tone on 
withdrawal of potassium, (4) as with the A C inhibition, deficiency in sodium 
chloride mcreases the osmotic inhibition 

In frog muscle sudden mcrease m osmotic pressure causes relaxation followed 
by contraction Small mcrease m osmotic pressure only causes relaxation With 
I A C too, m MytUus muscle, small voltage causes relaxation , large voltage causes 
contraction, so that there is an optimum voltage for inhibition This appears to 
be due to the fact that mcrease in concentration of the ions withm the fibres first 
neutralizes tone, and then produces contraction, so that there is also an optimum 
value for mcrease in osmotic pressure to produce inhibition In gumea-pig uterus 
mcrease m osmotic pressure by 10 to 20 per cent above notmal is sufficient to 
produce the maximum inhibition , further mcrease may cause contraction 

Tonus 

The gumea-pig uterus exhibits much tone, and yet at times it may be completely 
relaxed Mytiliis muscle exhibits much tone, while frog muscle exhibits very little 
■ The reasons for these variations will now be described — 

Effe(f of sodium chloiide -yin previous papers (Smgh, 1938 to 1938e, 1939, 
1939a) it has been described that large concentrations of sodium chlonde have 
a stimulatory while smaller concentrations have inhibitory effect, and that tone 
IS due to the stimulating effect of sodium chloride , this is very well shown by 
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results (5) Interaction between ions within and without on the one hand and the 
factor of adaptation on the other, n hich is probably calcium 

Usually two lands of spontaneous contractions are seen (1) m relaxed muscle 
and (2) m contracted muscle In relaxed muscle they are produced by alternate 
contraction and m contracted muscle, they are produced by alternate relaxation , 
the gmnea-pig utenis usually exhibits these latter kmd of spontaneous contractions 
(Graph 8) 

WitMratml contractions 

The gumea-pig uterus contracts on withdrawal of a number of substances, such 
as calcium, potassium (large and small concentrations), strontium, ammomum, and 
thiocyanate The adrenaline withdrawal contraction m the dog stomach is en- 
hanced by calcium and hydrogen ions, and so lihe other wnthdrawal contractions 
helohgs to the potassium group, that is, produced by ions outside This view is 
supported by the fact that adrenaline produces a withdrawal contraction only if 
the muscle is sensitive to calcium and hydrogen ions 

Bffed of tons on weight of mammahan mvscle — ^The effect of ions on the dog 
stomach resembles that on the frog stomach Isotomc solution of sodium chlonde 
causes the muscle to lose weight by about 5 to 10 per cent , potassium and calcium 
antagonize this The gumea-pig uterus behaves like M^Uvs muscle, isotonic 
solution of sodium chlonde causes the muscle to gam weight 

These changes m weight vary in the same order as the physiological activities 
of these muscles Both in Mylilvs muscle and the gumea-pig uterus, the effect 
of sodium cldonde is stimulatory and these muscles gam weight m sodium chloride 
m dog stomach and frog stomach the effect is mlubitory and these muscles lose 
weight In frog stomach, the inhibition is greater than dog stomach and, the former 
loses more weight (20 per cent) than tlie latter (10 per cent) 


1 

Discussion 

The effect of the sodium and the chlonde of the mammahan salme on the 
guinea-pig uterus appears to be antagonistic , sodium, like other cations, has an 
mhibitorv^ effect and chlonde like other amons, a stunulatory effect Calcium 
increases tone by antagonizing the effect of sodium , greater mcrease in the 
concentration of calcium decreases tone by neutrabzmg the effect of chlonde 
\\ ithdrawal of sodium chlonde sometimes causes relaxation due to withdrawal 
of chlonde and sometimes contraction due to withdrawal of sodium Sodium, like 
other cations, mcreases the excitabibty to electric current A decrease m this 
excitahihty followmg withdrawal of sodium chlonde is due to the withdrawal of 
sodium and mcrease to withdrawal of chlonde 

The natural tendency for myosin molecules is to contract To keep them 
extended, energy is required , this is m agreement with the fact that m one kind of 
lengthemng of plain muscle, the oxygen consumption is mcreased (Eao and Singh 
IOC cit ) It ig the function of inhibition, presumably bv sodium chlonde to keep 
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Spontaneous contractions 

These are produced -when two systems of nearly equal potency, one inhibitory 
and the other excitatory, interact Thus, the inhibitory systems m plam muscle 
are (a) ions withm the fibres, (6) cations m the salme and (c) calcium , the 
excitatory systems are also (a) ions withm the fibres and (6) ions without the fibres 

The spontaneous contractions can thus be produced by the following methods 
(1) Interaction between ions inside and outside If the muscle is in tone, then 
increase m osmotic pressure, not sufficient to produce complete inhibition, produces 
spontaneous contractions If the muscle is relaxed, then contracture can be 
induced by potassium and mcrease m (JBmotic pressure would produce spontaneous 
contractions Instead of change of osmotic pressure, A C can be employed (2) 
Interaction between ions withm and calcium Increase m osmotic pressure may 
result in mcreased tone , moderate mcrease m calcium concentration will result m 
spontaneous contractions (3) Interaction between ions outside and calcium 


Geaph 8 



Gbaph 8 — Guinea pig uterus Vanous kinds of spontaneous contractions (A) 
Inhibitiofi produced by 0 00164 M KCl at (s potassium -withdrawn at Note that one 
kind of spontaneous contractions is superimposed on the inhibition curve , as the muscle 
relaxes, they increase in magmtude, as happens with the response to A C These 
contractions are similar to those found in frog stomach (B) The muscle is in tone, 
and it alternately relaxes , this spontaneous inhibition has the same properties as the 
potassium inhibition , this is the result of the interaction between amons and cations of 
the sahne (C) Spontaneous contractions produced by -tetra methylammonium bromide 
the substance ivithdrawn at (D) Contraction produced by 0 00616 M KCl m sodium 
chloride 16 per cent of normal Spontaneous contractions are -groduoed as a resnlt of 
mteraction between potassium and the factor of adaptation 


Many substances that produce tome contraction produce spontaneous contraction 
if the concentration of calcium is mcreased , the tone of the gumea-pig uterus is 
afiected m the same way (4) Interaction between amons and cations of the sahne 
This can be produced by properly adjustmg their concentration, or by stretching, 
which mcreases the action of either Increase m temperature produces similar 
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it relaxed Hence wlieti the muscle shortens, this energy will be liberated as heat, 
and thus account for the heat of contraction or the Eern effect 

— V 

SUMMABY 

1 Inhibition is well marked m the ginnea-pig uterus Three agencies produce 
inhibition (1) chemical substances, (2) electric current and, (3) mcrease m osmotic 
pressure, that is, ions withm the muscle fibres Just as the contraction produced 
by electric current is antagomstic to that produced by potassium, so also are the 
inhibitions produced by these agencies Increase m osmotic pressure produces 
most of the phenomena produced by electric current Alternatmg current 
produces two kinds of contraction as well as mhibition 

2 Plam muscle exhibits two kinds of tone, one due to slow relaxation and 
the other to the contraction produced by chlonde The action of sodium' and 
chloride m the salme is antagonistic 

3 There are two kmds of spontaneous contractions one due to alternate 
contractions and the other to alternate relaxation 
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Cannabis saliva m relation to, 166 

nONOVANI, see LeisTimania donovant 


DROPSY, see epidemic dropsy 
DRUGS, see ions drugs 
DYSENTERY, see bacillary 

ECONOMIC status, see dental canes 

ECONOMY m the use of ipecacuanha and 
emetme, 181 

EDIBLES consumed m Bihar, food value of, 
299 

EGGS, growth-promotmg value of, 286 
EL TOR type strams, action of F cholerce and, 
on goat’s red corpuscles, 183 
ELASMOBBANGES (Indian), vitamm A 
content of liver oils of, 663 
ELASTIC, see visco elastic 
ELECTRICAL stimulation, mteraction between 
ions drugs and, by inhibition m unstnated 
muscle, ^9 

EMETINE, economy m the use of, 181 
ENTERO-KINASE, 467 
EPIDEMIC DROPSY epidemiology of, 146 , 
seasonal mcidence of, 146 
ERYTHEMA NODOSUM, histopathology of, 
267 

ESTERASE activity of sera of lab animals, 
246 See also chohne esterase 
EUROPEANS, red cell diameter in, 65 

FILARIASIS in Lakhipnr and Bmakandy tea 
gardens (Caobar district. Lower Assam), 346 
FISH bones of small, ns a source of Ga and P 
417 , food value of, 316 See also elasmo 
branchs 

FLAVIN, see nboflavm 

FLUORIMETRIO assay of nboflavm m urine 
and tissues of rats, 46 , estimation of nboflavm 
m urine, 37 , method of estimation of nboflavm 
in foodstuffs, 23 

FOODS, vitamm B^ m, estimation of, by thio 
chrome reaction, 263 FOOD VALUE of 
edibles m Bihar by chemical methods, 299 , 
of fish and other marme products, 316 
FRUITS, vitamm C content of dehydrated and 
of fruit ]Uice preparations, 617 

GASTRIC ACIDITY in Indians with alcohol 
test meal, 361 

GERMINATING grams, vitamm C m, 493 
GLAND, see pituitary 

GLUCOSIDE8 pharmacology of, of Cerbera 
odoUum, 107 , from Paris polyphylla Sm , 103 
See also digitalis assay, g pig method 
GLYCOLYSIS In normal blood, effect of 
temperature and anticoagulant on. 111 
GOAT’S red corpuscles, action of V rholerce 
and El Tor type strains on, 183 
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GRAINS, Titatnm C in gcnmnoting, 493 
GR AM, tee Bengal gram 
GROWTH PROMOTING value of eggs, 285 
GUINEA PIG lungs, vasomotor responses in 
isolated perfused, 123 , KnalU Lenz method 
of digitalis assay m India, Oil 
GUM RESIN from BaUamodendron mtihd 
Hook., 331 

HiEJIATOLOGICAE ini cstigations in S Indio, 
65 

HiEOIOGLOBIN levels m Coorg, 63 
HEMOLYSIN from cobra venom, effect of, on 
heart, blood prcsinirc and respiration, 453 
HEART effect of neurotosin, hymoh sin and 
cholme csteraso from cobra venom on, 453 
sue of, m severe anromia cases in U P of 
Agra and Ondh m India, 129 
HISTOPATHOLOGY of Alantous reaction and 
orythemanodosum, 267 

‘ HOS ’ tnbe, diet and nutntional state of, 91 
HUMAN immunization with 2 and 3 doses of 
tetanus toxoid, 481 , nutrition, 309, 417 
HYDROCUPREIDINE DERIPATmES, 
dextro rotatory, 325 See also Paramcecia 
caiidalum 

HYPEMENSION (expcnmental), r6le of 
alkaloids of Bawoljia serpentina in 319 

IMMUNIZATION, human, mth tetanus toxoid, 
481 

IMMUNOIOGICAL skin tests in loprosi, 1, 0, 
17 

INCIDENCE, seasonal of tpideraic dropsy, 145 
INDIA Cannabis saliva m relation to mental 
diseases and crime in, 1 65 guinea pie method 
of digitalis assay in 611 size of heart m 
severe aniemia in U P of Agra and Oudli 
m, 129 SOUTH INDIA ha'mafological 
investigations in, 05 

INDIAN dasmohranchs, \ itannn A coutont of 
liver oils of, 663 , kala azar, transmission of, to 
man by P argenUpes, 473 , wheat products, 
effect of milling on vitamm Bj and mcotmio 
acid content of, 61 INDIANS red cell 
diameter in, 66 , gastric acidity in with 
alcohol test-meal, 361 

INPECTION of the skin, post kala azar, by 
L donorani, 486 
INGESTION, see xitamiu C 
inhibition, set nnstnated musole 
intestinal changes in monkeys fed on 
poor nee diets, 273 
intestine, see calcium 
IONS DRUGS and electrical stinrulation by 
mhibition in nnstriated mn«ole, interaction 
between, 629 

IPECACUANHA, economy in the nse of, 181 


JVQLANS REGIA (tender walnnt), vitnmm 0 
content of, 613 

KALA AZAR transmission of, 479 , to man 
bv bites of P argenlvpes, 473 , post kala azar 
infection of the sfcm by L danovam, 485 
KINASE, see trypsm and entero fcmase 
KN AEFL LENZ gumea pig method, see digi 
tabs assay 

LABORATORY, see animals 
LACTALBUMIN of ass milk, 433 
LAKHIPUR tea gardens (Lower Assam), fila 
nasis in, 345 

LEISHM4.EIA DONOVARI, post kala azar 
infection of skin by, 485 
LEPRjE, see Mijcobaclennm lepree, leprosy 
LEPROMIN, Mitsnda reaction and early re 
action to, m relation to isolated protem 
antigen, 9 

LEPROSY, immunological skm tests m, 1, 9 
17 

LDIE, see betel leaves 

LIVER and veal digest medium, production 
of Cl perjnngens (type A) toxin m a modified, 
229 , oils of some Indian elasmobranehs, 
xitamin A content of, 663 
LOBE (anterior) of pituitary gland influence of 
on Ca metabolism, 689 

LUNG, LUNGS of rat, effect of tracheal stenn 
sis on, 173 , behaviour of puhnonarv vessels 
in isolated perfused, 623 , of guinea pig, 
vasomotor responses iii isolated perfused 
123 

M ADRAS blood groups in population of, 445 , 
dental caries in children in citv of, m relatioi^ 
to economic and nutritional status, 661 
MAMMALIAN, see brains 
MAN, transmission of Indian kala azar to, b\ 
bites of P argenlipes, 473 
MANTOUS reaction, histopatbologx ol, 257 
MARINE PBODUCTS, food lalue of 316 
MEAL, see alcohol test meal 
MEDIUM, aee hver and veal digest 
MENTAL DISEASES, Cannabis satii'a m 
relation to m India, 165 
METABOLISif, see calcium, phosphorus, nico 
tmio acid 

Arrr.K' oasem and laotalbnmm of ass, 433 
protems, biological value of, 423, 676 
MILLED MILLING, see nee, wheat 
MPTSUDA reaction (classical) to lepromm, 9 
MONKEYS fed on poor nee diets mtestmal 
changes m, 273 

MOUSE PROTECTION TEST for of 

tetanus toxoid, 371 



656 


Index of fivhjecffi 


MUKUL, see Bahamodendron muLul Hook 
MUSCLE, •onstnated visco elastic properties 
of, 449 , interaction between ions drugs and 
electrical stimulation by inhibition in, 629 
M700BACTERIUM LEPBM, isolation of 
protem antigen of, 1 

>rEUE.OTOXIN from cobra venotn, effect of, 
on heart, blood pressure and respiration, 
453 

\ICOTINIO ACID content, of dried yeast, 
403 , of Indian wheat products, effect of 
mdling on, 61 , metabohsm, m rabliits, cyano 
gen bromide test m, 637 , antipeUagra vitamm, 
115 , simple procedure for estimating, in 
luological materials, by cyanogen brnniido I 
amhne reagent, 397 

JHTEOGEN, aee ammonia nitrogen ' 

NIZAMABAD district (Nizam’s dominions) did I 
survey of, 681 ' 

NODOSUM, see eiythema nodosnm 
NOEMAL, see blood 

NUTRITION human, 309, 417 Ncc also Ca, 
canes, carotene, cereals, dehydration, diets, 
edibles, eggs, fish, food, fruits, liver oils, milk 
proteins, mcotmio acid, phosphorus, pulses, 
nboflavin, nee, vegetables, vitnmms, walnut, 
wheat, yeast 

NUTRITIONAL requirements of Ps pyo 
cyanea, 381 , state of ‘ Hos ’ tnbe, 91 , status 
Ke dental canes 

ODOLLAM, see Oerhera odollam 
OIL, see Ever 

OUDH, see United Provinces 

^PARAiKEGIA GAUDATUM, effects of hydro 
cupreidme denvatives on, 326 
PARBOILED, see nee 
PARCHING, see cereals and pulses 
PARIS POLYPHTLLA, pharmacological 
action of glucosides from, 103 
PELLAGRA, see antipellagra 
PERFRIN6ENS, see Ghslridium perfnngens 
PERFUSED, see lungs 

PHAR5IACOLOGICAL ACTION of alkaloids 
of Rameolfia serpentina, 319 , of glucoside, of 
Gerbera odollam, 107 , from Pans polyphylla 
Sm , 103 

PHLEBOTOMUS AR0ENTIPE8 (Ann and 
Brun ), transmission of kala-azar to man by 
bites of, 473 

PHOSPHATASE, see serum 
PHOSPHORUS metabolism, 81 , nutntionally , 
available, from bones of small fish, 417 , parti- | 
tion of, m mammahan-brains, 619 ^ 

PITUITART GLAND, influence of anterior > 
lobe oL on Ca metabolism, 689 ' 


POLYPHYLLA Sm , see Pans polyphylla 
POOR, see rice diets 

POPULATION in Madras, blood groups m a, 
446 

POST KALA-AZAR mfection of s kin by L 
donowm, 485 

PROTECTION, spp mouse protection test 
j PROTEINS antigen of M leprce, isolation of, 
1, 9, 17 , biolo^cal value of milk, 423, 676, 
effect of parching on, of cereals and pulses, 
73 ^ 

PROTHROMBIN TIME’, modified method 
for determination of 339 

_ PIOCl lEEA nutritional requirements 
of 381 

PILMONAR\ tuberculosis, serum phospha 
tase in 603 , vessels, behaviour of, in isolated 
perfused rat lungs, 623 

L&ES, effect of parclimg on biological value 
of protoms of 73 

PI OCY AKEA see Ps pyocyanrn 

RABBITS, oyauogen bromide test in nicotinic 
acid metabolism in, 637 

1^-AT behavioni of pulmonary lossels in 
isolated perfused lungs of, 623, biological 
value of milk protems by rat growth method, 
423 effect of tracheal stenosis on lung of 
173 , fluonmetne aseaj of nboflavm m 
unne ond tissues of, 46 , influence of vitamm D 
on absorption of Ca from albino rat intestine, 

RAUWOLFIA serpentina, alkaloids of, 

RAW, see rice 

REACTION, see Mantoux, Mitsuda, thioohrome. 
REAGENT, see cyanogen bromide anilme 
RECONSTITUTION, effect of, on carotene 
content of dehydrated vegetables, 629 
RED oeU determmation m healthy Europeans 
and Indians, 66 corpusoles, goat’s, action of, 

I cholerre and El Tor type strams on, 183 
REOIA, see Juglans regia 
RESIN, see gum ream 

RESPIRA^ON action of camphor, ooramme 
and oardiazol on, 99 , effect of nenrotoxm, 
hiemolysm and ohohne esterase from cobra 
venom on, 463 

RESPONSES, see vasomotor 
RIBOFLAVIN fluonmetne assay of, m unne 
and tissues of rats, 46 , fluonmetno estimation 
of, m unne, 37 , fluonmetno method for 
estimation of, m foodstuffs, 23, m dned 
yeast, 403 

RICE diets, intestmal changes m monkeys fed 
on poor, 273 , raw and parbofled milled, effect 
of washing and cookmg on vitamm B, m 
409 

ROTATORY, see dextro rotatory 
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SATH sec CaTjnabii #i(ira 
SEASOK, see epidemic drop'!^ , incidence 
SEJfPEA r/AjJ, see J}an}cvlfia serpenUna 
SEREM, SERA of common Inb animnls, 
complement nnd c^tcrn'c ncti\itv of, 245, 
phosphtitoEC in pnlmonan T B nnd effect of 
ingestion of vitamin C upon it, 003 
SKIN post Itnla-aznr infection of, bj L imo 
rani, 485 tests in leprosv immunological, 
1, 0, 17 

SOETH IRDIA IiTmntologicnl iinestigntions 
in, 05 

BTEROSlfa, set trachenl 
STUITILATIOX, see elcctncal 
STOOL see cholera 
STRAINS, see El Tor 

TEA GARDENS, see filanasis 
TESIPEEATDRE, effect of, on gljcolyais m 
noimnl blood. 111 
TENDER, «e iralnnt 

TEST see cyanogen bromide, mouse protection, 
skin 

TEST JIEAL, alcohol, gnstnc acidity m Indians 
mth, 361 

TETANES TOXOID human immunization 
trith 2 and 3 doses of, 481 , mouse protection 
test for assaj of, 371 

THIA3IINE (vitamin Bj content of Indian 
■wheat products, effect of mfllmg on, 61 
THIOCHROME REACTION, estimation of 
vitamm Bi m foods by, 263 
TISSUES of rats flnonmetnc assay of nbofla'vm 
in, 46 

TOXIN, see C/os/ndiani perfnngens 
TOXOID, see tetanus 

TRACHEAL STENOSIS, effect of on rat lung 
173 

TRANSMISSION, see lain azar 
TRYPSIN KINASE from blood, 467 
TUBER CDLOSIS, pulmonary aerum phospba 
tase m and effect of ingestion of vitamm C 
upon it, 603 

UNITED PROVINCES of Agra and Oudh, size 
of heart in severe anKmia m, 129 


I UNSTRIATLD, see muscle 

URINE nboflavin in, flnonmetnc assay of, 48 
flunnmetne estimation of, 37 

, VACCINE ngamst bncillarj dysentery, 213 
VASOMOTOR RESPONSES m isolated perfused 
guinea pig lungs, 123 

VEAL digest medium production of (7/ perfnn- 
gens (typo A) toxm m a modified, 229 
\ EGETABLES vitamm C content of dehydra 
ted, 617 , effect of dehydration and reconstitu- 
tion of carotene content of, 629 
ITilNOM, see cobra 
VESSELS, see pulmonary 

VIBRIO CHOLERA action of, on goat’s red 
corpuscles, 183 isolation of, from cholera 
stools, 391 

VEBRIOS, see Vtbno choleras 
I VISCO ELASTIC properties of unstnated 
' muscle, 449 

VITAMIN, antipellagta (nicotinic acid) m fish 
316 

ViTAAHN A content of liver oils of Indian 
elasmdbranchs, 653 

' VTTAlMIN Bi m dned yeast, 403 , effect of 
I miUmg on, m Indian irbeot products, 61 , 
effect of -wnsbrng and cookmg on, m raiv and 
parboiled milled nee, 409 , estimation of 
m foods, by thiochrome reaction, 263 
VITAMIN C effect of mgestion of, upon serum 
phosphatase in pulmonary T B , 603 j m 
dehydrated vegetables and fruits, and frnit 
juices, 617 in Bengal gram, 605 , m germma- 
tmg grams, 493 m tender walnut, 613 
VITAMIN D mfluence of, on absorption of Ca 
from albmo rat mtestme, 81 

0 

IVALNUT, vitamm C content of tender, 613 
WASHING, effect of, on vitamm Bj content of 
raw and parboiled milled nee, 409 
WHEAT products Indian, effect of mfllmg on 
vitaimn B, (thiamme) and nicotinic acid 
I content of, 61 

TEAST, dned, vitamm B,, riboflavm and nico- 
time acid content of 403 
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